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Chaptelrntlroducti on

1.1  Purpose of this Volume

Best Management Practices (BMPs) scbedules of activities, prohibitions of practices,
maintenance procedures, managerial practices, or structural features that prevent or reduce
adverse impacts to waters of Washington State. As described in Volume | of this stormwater
manual, BMPs for logrterm management of stormwater at developed sites can be divided into
three main categories:

1 BMPs addressing the amount and timing of stormwater flows;
1 BMPs addressing prevention of pollution from potential sources; and
1 BMPs addressing treatmentrohoff to remove sediment and other pollutants.

This volume of the stormwater manual focuses on the third category, treatment of runoff to
remove sediment and other pollutants at developed sites. The purpose of this volume is to
provide guidance for selgon, design and maintenance of permanent runoff treatment facilities.

BMPsfor controlling stormwater flows and pollutant sources are presented in Volumes IIl and
IV, respectively.

1.2  Content and Organization of this Volume

Volume V of the stormwater maal contains 12 chapters. Chapter 1 serves as an introduction

and summarizes available options for treatment of stormwater. Chapter 2 outlinebyastegp

process for selecting treatment facilities for new development and redevelopment projects.
Chpter 3 presents treatment f aci tbydtepprécesse nus o t
presented in Chapter 2. These menus cover different treatment needs that are associated with
different sites. Chapter 4 discusses general requirements fone¢rgdacilities. Chapter 5

presents information regarding-site stormwater management BMPs. Chapters 6 through 11

provide detailed information regarding specific types of treatment identified in the menus.

Chapter 12liscussesther BMPs for which th&/ashington State Department of Ecology has

approved specific uses

Theappendices to this volume contain more detailed information on selected topics described in
the various chapters.

1.3 How to Use this Volume

This volumecontains information necesgao design, construct, and maint@MPs for
stormwatettreatment This information shall be used in conjunction with engineering standards
and specifications set forth in Snohomish CoumygiBeeringDesignandDevelopment

Standards

Snohomish County Drainage Manual Volume V - Runoff Treatment BMPs 1
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1.4 Runoff Treatment Facilities

1.4.1 General Considerations

Runoff treatment facilities are designed to remove pollutants contained in stormwater runoff.

The pollutants of concern include sand, silt, and other suspended solids; metals such as copper,
lead, and zig; nutrients (e.g., nitrogen aptiosphoruf certain bacteria and viruses; and

organics such as petroleum hydrocarbons and pesticides. Methods of pollutant removal include
sedimentation/settling, filtration, plant uptake, ion exchange, adsorption, aeddlac

decomposition. Floatable pollutants such as oil, debris, and scum can be removed with separator
structures.

1.4.2 Maintenance

Maintenance requiremerasid sandarddor drainage facilities are set forth in Chapter 7.54
SCC Chapter 4.6 of tlsivolume andVolume VI of this manual.

1.4.3 Treatment Methods

Methods used for runoff treatment facilities and common terms used in runoff treatment are
discussed below:

1 Wetpools. Wetpools provide runoff treatment by allowing settling of particulates during
guiescent conditions (sedimentation), by biological uptake, and by vegetative filtration.
Wetpools may be singlpurpose facilities, providing only runoff treatment, or they e
combined with a detention pond or vault to also provide flow control. If combined, the
wetpool facility can often be stacked under the detention facility with little further loss of
development area.

1 Biofiltration. Biofiltration uses vegetation iroajunction with slow and shallodepth flow
for runoff treatment. As runoff passes through the vegetation, pollutants are removed
through the combined effects of filtration, infiltration, and settling. These effects are aided
by the reduction of the veatdy of stormwater as it passes through the biofilter. Biofiltration
facilities include swales that are designed to convey and treat concentrated runoff at shallow
depths and slow velocities, and filter strips that are broad areas of vegetation fag treati
sheet flow runoff.

1 Oil/Water Separation. Oil/water separators remove oil floating on the top of the water.
There are two general types of separattine American Petroleum Institute (API) separators
and coalescing plate (CP) separators. Both wmatgito remove floating and dispersed oil.
API separators, or baffle separators, are generally composed of three chambers separated by
baffles. The efficiency of these separators is dependent on detention time in the center, or
detention chamber, and droplet size. CP separators use a series of parallel plates, which
improve separation efficiency by providing more surface area, thus reducing the space
needed for the separator. Oil/water separators must be locatagedfbm the primary
conveyancealetention system, bypassing flows greater than the water quality design flow.
Other devices/facilities that may be used for removal of oil include linear sanddiitdrs
proprietary devices that have received a use designation for oil removal fromyEcOlibg
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control devices/facilities should always be placed upstream of other treatment facilities and
as close to the source of oil generation as possible.

Pretreatment. Presettling basins are often used to remove sediment from runoff prior to
dischargento other treatment facilities. Basic treatment faesitan also be used to provide
pretreatment. Pretreatment often must be provided for filtration and infiltration facilities to
protect them from clogging or to protect ground water. Appropriatespitenent devices
include a presettling basin, wet pond/vault, biofilter, constructed wetland, or oil/water
separator.In addition, the Washingtotate Department of Ecology has giv@aneral Use
Level and Conditional Use Level designatidoispretreatrent to a number of patented
devices. More information can be fouimdChapter 12 of this volume

Infiltration. Treatment withnfiltration refers to the use of the filtration, adsorption, and
biological decomposition properties méditurally-occurringsois to remove pollutantas
stormwater infiltrates into the groundnfiltration can provide multiple benefits including
pollutant removal, peak flow control, ground water recharge, and flood control. However,
one condition that can limit the use of itfiition is the potential adverse impact on ground
water quality. To adequately address the protection of ground water when evaluating
infiltration it is important to understand the difference between soils that are suitable for
runoff treatment and soitsnly suitable for flow control. Sufficient organic content and
sorption capacity to remove pollutants must be present for soils to provide runoff treatment.
Examples are silty and sandy loams. Coarser soils, such as gravelly sands, can provide flow
cortrol but are not suitable for providing runoff treatment. The use of coarser soils to
provide flow control for runoff from pollutant generating surfaces must always be preceded
by treatment to protect ground water quality. Thus, there will be instariaasseils are
suitable for treatment but not flow control, and vice versa.

Filtration. Filtration refers to these of various media such as sand, perlite, zeolite, and
carbon, to remove low levels of total suspended solids (TSS). Specific media such as
activated carbon areolitecan remove hydrocarbons and soluble metale Washington
State Department of Ecology has given General Use Level and Conditional Use Level
designations for treatment to a number of patented filter devices. More infornmeaatitye c
found on the Ecology web site.

Bioretention. Bioretention facilitiesuse a special imported soil mtixat functions as a
granular filtration medium to provide stormwater treatmdntaddition specific vegetation

is planted to maintain the soil's ability to adsorb pollutants, and to absorb and degrade
pollutants captured by the solBioretention facilities can be constructed as a special kind of
infiltration basinthat isoverexcavated and gaally refilled with the bioretention soimix, in
which case the facility is @mbination flow control / treatment systerAlternatively, a
bioretention system can blesigned with an underdrain, which reduces or eliminates the
flow control function orthe bioretention soil mix can be housed in a vaBlbretention
facilities constructed according to the requirements of this manual provide enhanced
treatment.
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ChaptelrrezZat ment Facility Sel ect

See Volume |, Chapter2 and for the treatment facility selection process.
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Chaptelrrelatfmaeaitl ity Menus

See Volume |, Chapter 4 for the treatment facility selection menus.
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Chapt eGener al Requirements for
Stormwater Facilities

4.1  Design Volume and Flow

4.1.1 Water Quality Design Storm Volume

See Volume lll, Chapter 2 for water quality design volume determination.

4.1.2 Water Quality Design Flow Rate

See Volume lll, Chapter 2 for information on approved continuous runoff hydrologic models for
determining the water quality design flow rate.

4.1.3 Flows Requiring Treatment

Runoff from pollutiongeneratinghardsurfacesand pollutiongenerating pervious surfacesist
be treatecccording to the requirements set fartfChapters 2 and 4 of Volume | of this
manual

Drainage from hard surfaces that are not pollugenerating need not be treated and may
bypass runoff treatment, tiie drainagés not mingled with runoff frm pollution-generating
surfaces.If runoff from nonpollution generating surfaces reaches a runoff treatment BMP,
flows from those areas must be included in the sizing calculations fBMRe Once runoff
from nonpollution generating areas is mixed kviunoff from pollutiongenerating areas, it
cannot be separated before treatment

4.1.4 Minimum Treatment Facility Size

The minimum design flow rate for treatment facilitie®.0081 cfs. The minimum design
volume for treatmentakilitiesis 405 cf.No BMP shall be designed smaller than that required to
accommodate the minimum flow rate or volume.

The treatment requirement is to treat at least 91% of thedpestopment runoff file as

predicted byanapproved continuous rundfliydrologicmodel. The WWHN2012 has a feature

which allows the user to track the amount of stormwater that has passed through LID BMPs. If
the LID BMP qualifies as a treatment facility (i.e., bioretention, pernegadovement with a sand
sublayer or native soils that meet the soil suitability requirement), the total amount of runoff that
passes through the BMP counts towards meeting the 91% requirement.

4.2  Sequence of Facilities

The Enhanced Treatment and Phospsdtamoval Menus described in Volume I, Chapter 4,
include treatment options in which more than one type of treatment facility is used. In those
options, the sequence of facilities is prescribed. This is because the specific pollutant removal
role of thesecond or third facility in a treatment often assumes that significant solids settling has
already occurred. For example, phosphorus removal using-tatiity treatment relies on the
second facility (sand filter) to remove a finer fraction of solidgmtthose removed by the first
facility.
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In general, all treatment facilities may be installed upstream of detention facilities, although
presettling basins are needed for sand filters and infiltration badmsever, not all treatment
facilities can funtion effectively if located downstream of detention facilities. Those facilities
that treat unconcentrated flows, such as filter stapesusually not practical downstream of
detention facilities.Other types of treatment facilities presspécial problems that must be
considered before placement downstream is advisable.

For instance, prolonged flows discharged by a detention facility that is designed to meet the flow
duration standard may interfere with proper functioning of basic bididtrawales and sand

filters. Grasses typically specified in the basic biofiltration swale design will not survive. A wet
biofilter design would be a better choice.

Prolonged flowsn sand filteranay causéhe sand tdbecome anoxiand releasphosphous
previouslycaptured within the filter. To prevent long periods of sand saturation, adjustments
may be necessary after the sand filter is in operation to bypass some areas of the filter. This
bypassing will allow them to drain completely. It may dsgpossible to employ a different

type of facility that is less sensitive to prolonged flows.

Oil control facilities must be located upstream of treatment facilities and as close to the source of
oil-generating activity as possible. They should alslmtated upstream of detention facilities,
if possible.

Table 51 summarizes placement considerations of treatment facilities in relation to detention.

Water Quality Facility Preceding Following Detention
Detention
Basic biofiltration swale OK OK. Prolonged flows may reduce
grass survival. Consider wet
biofiltration swale

Wet biofiltration swale OK OK

Filter strip OK Nod must be installed before flows
concentrate.

Basic or large wetpond OK OK®d less water level fluctuation in

ponds downstream of detention ma)
improve aesthetic qualities and

performance.
Basic or large combined detention and | Not applicable Not applicable
wetpond
Wetvault OK OK
Basic or large sand filter or sand filter | OK, but OK®& sand filters downstream of
vault presettling and detention facilities may require field
control of adjustments if prolonged flows caus
floatables needed| sand saturation and interfere with
phosphorus removal.
Stormwater treatment wetland/pond OK OK® less water level fluctuation an(

better plandiversity are possible if
the stormwater wetland is located
downstream of the detention facility|

Table 51 Treatment Facility Placement in Relation to Detention
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4.3  Sdback and Searation Distances Slopes, ancEmbankments

4.3.1 Separation Distances

Sdback and gearation distancef®r drainage facilities shall be provided in accordance with the
requirements o8CC30.63A.710and applicable sections of Snohomish County EDDS Chapter
5. Additional separation requirements may be set forth in sections on specific BMPs in this
volume.

4.3.2 Berms
Bermsshall be constructed in accordance v@tiohomish County EDDG&hapter 510.

4.4  Facility Liners

Liners are intended to reduce the likelihood that pollutants in stormwater will reach ground water
when runoff treatment facilities are constructed. In addition to groundwater protection
considerations, some facility types requirenp@nent water for proper functioning. An example

is the first cell of a wetpond.

Treatment liners amend the soil with materials that treat stormwater before it reaches more freely
draining soils. They have slow rates of infiltration, generally less taméhes per hour (1.7 x

10-3 cm/s), but not as slow as low permeability liners. Treatment liners may-pEe@native

soils or imported soils.

Low permeability liners reduce infiltration to a very slow rate, generally less than 0.02 inches per
hour(1.4 x 10° cm/s). These types of liners should be used for industrial or commercial sites
with a potential for high pollutant loading in the stormwater runoff. Low permeability liners

may be fashioned from compacted till, clay, geomembrane, or cendritliners are preferred
because of their general resilience and ease of maintenance.

The appropriate liner for a facility shall be selected in accordance with the information below.

4.4.1 General Design Criteria

Liners shall be evenly placed oveetbottom and/or sides of the treatment area of the facility.
Areas above the treatment volume that are required to pass flows greater than the water quality
treatment flow (or volume) need not be lined. However, the lining must be extended to the top
of the interior side slope and anchored if it cannot be permanently secured by other means.

Materials and methods shall conform&ieohomish County EDDG&hapter 5 and the
Washington State Department of Transportation (WSDOT) Standard Specifications

Table 52 shows requirements for the type of liner to be used with various runoff treatment
facilities.
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Table 52 Lining Types Recommended for Runoff Treatment Facilities

WQ Facility

Area to be Lined

Type of Liner Recommended

Presettling basin

Bottom and sides

Low permeability liner or
Treatment liner (If the basin will
intercept the seasonal high groun
water table, a treatment liner is
recommended.)

Wetpond

First cell: bottom and sides to W(Q
design watesurface

Second cell: bottom and sides to
WQ design water surface

Low permeability liner or
Treatment liner (If the wet pond
will intercept the seasonal high
ground water table, a treatment
liner is recommended.)

Treatment liner

Combined detention/WQ facility]

First cell: bottom and sides to W(Q
design water surface

Second cell: bottom and sides to
WQ design water surface

Low permeability liner offreatment
liner (If the facility will intercept the
seasonal high ground water table a
treatment liner is recommended.)

Treatment liner

Stormwater wetland

Bottom and sides, both cells

Low permeability liner (If the
facility will intercept the seasonal
high ground water table, a
treatment liner is recommended.)

Sand filtration basin

Basin sides only

Treatment liner

Sand filter vault

Not applicable

No liner needed

Linear sand filter

Not applicable if in vault

Bottom andsides of presettling cell
if not in vault

No liner needed

Low permeability or treatment
liner

Media filter (in vault)

Not applicable

No liner needed

Wet vault

Not applicable

No liner needed

4.4.2 Design Criteria for Treatment Liners

T

Treatment liners shall consistwio feet of soil with a minimum organic content of 5% AND

a minimum cation exchange capacity (CEC) of 5 milliequivalents/100 grams.

One sample per 1,000 square feet of facility area shall be tested. Each sampleashall be
composite of subsamples taken throughout the depth of the treatment layer (usually two to

six feet below the expected facility invert).

Organic content shall be measured on a dry weight basis using ASTM DRJZ45tandard
Test Methods for Moisture, #h, and Organic Matter of Peat and Other Organic Soils.
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Cation exchange capacity (CEC) shall be tested using USEPA Method 9081, Cation
Exchange Capacity of Soils (Sodium Acetate).

Certification by a soils testing laboratory that imported soil meets ttamiorgontent and
CEC criteria above shall be provided to Snohomish County.

Animal manures used in treatment soil layers must be sterilized because of potential for
bacterial contamination of the groundwater.

If a treatment liner will be below the seasohnigih water level, the pollutant removal
performance of the liner must be evaluated by a geotechnical or groundwater specialist and
found to be as protective as if the liner were above the level of the groundwater.

If the soil in the liner is not the natigeil or the soil has very low permeability, the side
walls must be lined with at least 18 inches of treatment soil to prevent untreated seepage.

4.4.3 Design Criteria for Low Permeability Liner Options

This section presents the design criteria for eatheofollowing four low permeability liner
options: compacted till linerspmpacteclay liners, geomembrane liners, and concrete liners.

General

l

Where grass must be planted over a low permeability liner per the facility design, a minimum
of 6inches of good topsoil or compeamended native soil (2 inches compost tilled into 6
inches of native till soil) must be placed over the liner in the area to be planted. Twelve
inches of cover is preferred.

A low permeability liner shall not be used dasonal high groundwater is likely to contact
the liner, unless liner buoyancy is evaluated by a geotechnical engineer and addressed in the
design as stipulated by that engineer.

Where grass must be planted over a low permeability liner per the facgiggngda minimum
of 6 inches of topsoil or compeatnended soil shall be placed over the liner in the area to be
planted.

Compacted Till Liners

T

Soils for compacted till liners shall meet the following size gradation
Sieve Size Minimum Percent Passing

6 inch 100%

4 inch 90%

#4 70%- 100%
#200 20%

Soil should be placed irtiich lifts.

Soil shall be compacted to 95% minimum dry density, modified proctor method (ASTM
D-1557).

Liner thickness shall be a minimum of 18 inches after compaction.
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1 A differentdepth and density sufficient to retard the infiltration rate to 2.4%ird¢hes per
minute (1 x 16 cm/s) may also be used.

Compacted Qay Liners

1 Clay shall be compacted to 95% minimum dry density, modified proctor method (ASTM
D-1557).

Clay liner thickness after compaction shall be a minimum of 12 inches

f A different depth and density sufficient to retard the infiltration rate to 2.4>ribhes per
minute (1 x 16 cm/s) may also be used.

1 The slope of clay liners must be restricted to 3H: IV foaedlas requiring soil cover;
otherwise, the soil layer must be stabilized by another method so that soil slippage into the
facility does not occur. Any alternative soil stabilization method must take maintenance
access into consideration.

Geomembrane Liners

1 Geomembrane liners shall be ultraviolet (UV) light resistant and have a minimum thickness
of 30 mils. A thickness of 40 mils shall be used in areas of maintenance access or where
heavy machinery must be operated over the membrane.

1 Geomenbranes shall be bedded according to the manufacturer's recommendations.

Geomembraneriers shall be installed so that they can be covered with 12 inches of top

dressing forming the bottom and sides of the facility. Top dressing shall consist of 6 inches

of crushed rock covered with 6 inches of native soil. The rock layer is to mark the location

of the liner for future maintenance operations. As an alternative to crushed rock, 12 inches of
native soil may be used i f heohigldyrigilde, pl asti ¢ fis
continuous marker is embedded 6 inches above the membrane.

1 Geomembrane liners shall not be used on slopes steeper than 5H:1V to prevent the top
dressing material from slipping. Textured liners may be used on slopes up to 3H:1V upon
recmmendation by a geotechnical engineer that the top dressing will be stable for all site
conditions, including maintenance.

Concrete Liners

1 Portland cement liners are allowed irrespective of facility size, and shotcrete may be used on
slopes.

1 Specificatims must be developed by a professional engineer who certifies the liner against
cracking or losing water retention ability under expected conditions of operation, including
facility maintenance operations.

Asphalt concrete may not be used for liners dutstpermeability to many organic pollutants.

If grass is to be grown over a concrete liner, slopes must be no steeper than 5H: IV to prevent
the top dressing material from slipping.
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4.5  Hydraulic Structures

4.5.1 Flow Splitter Designs

Many waterquality (WQ) facilities can be designedfamsv-through or odine systems with

flows above the WQ design flow or volume simply passing through the facility at a lower

pollutant removal efficiency. However, it is sometimes desirable to restrict flow§to W

treatment facilities and bypass the remaining higher flows around them throtigte off

facilities. This can be accomplished by splitting flows in excess of the WQ design flow

upstream of the facility and diverting higher flows to a bypass pipe or ehahhe bypass

typically enters a detention pond or the downstream receiving drainage system, depending on

fl ow control requirements. I n most cases, it
designed as aline or off-line; an exception is oiWater separators, which must be designed off

line.

A crucial factor in designing flow splitters is to ensure that low flows are delivered to the
treatment facility up to the WQ design flow rate. Above this rate, additional flows are diverted
to the bypassystem with minimal increase in head at the flow splitter structure to avoid
surcharging the WQ facility under high flow conditions.

Flow splittersare typically manholes or vaults with concrete baffles. In place of baffles, the

splitter mechanism may laehalf tee section with a solid top and an orifice in the bottom of the

tee section. A full tee option may also be wu
Cr i t e&tandard details for flow splitteare shown irsnohomish County EDDStandard
Drawings5-250A and 5250B.

General Design Criteria

1 A flow splitter must be designed to deliver the WQ design flowtmatee WQ treatment
facility. For the basic size sand filter, which is sized based on volume, use the WQ design
flow rate to design the splitter. For the large sand filter, use-ylea2flow rate or the flow
rate that corresponds with treating 95 pataf the runoff volume of a loAgrm time series
predicted by an approved continuous rurgffirologicmodel.

1 The top of the weir must be located at the water surface for the design flow. Remaining
flows enter the bypass line.

1 The maximum head must be minimized for flow in excess of the WQ design flow.
Specifically, flow to the WQ facility at the 10@ar water surface musot increase the
design WQ flow by more than 10%.

1 As an alternative to using a solid top platé&nohomish County EDDStandard Drawing-5
270C, a full tee section may be used with the top of the tee at thgdfXOwvater surface.
This alternative would route emergency overflows (if the overflow pipe were plugged)
through the WQ facility rather than back up from the manhole.

1 Special applications, su@s roads, may require the use of a modified flow splitter. The
baffle wall may be fitted with a notch and adjustable weir plate to proportion runoff volumes
other than high flows.
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1 For ponding facilities, back water effects must be included in desigrengeight of the
standpipe in the manhole.

Materials

1 Materials shall be in accordance w&hohomish County EDDShapters.

1 The splitter baffle may be installed in a Type 2 manhole or vault.

9 The baffle wall must be made of reinforced concrete or anotitabBumaterial resistant to
corrosion, and have a minimurAarkh thickness. The minimum clearance between the top
of the baffle wall and the bottom of the manhole cover must be 4 feet; otherwise, dual access
points should be provided.
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4.5.2 Flow Spreadng Options

Flow spreaderfunction to uniformly spread flows across the inflow portion of water quality
facilities (e.g., sand filter, biofiltration swale, or filter strip). Theretau@flow spreader options
presented in this section:

1 Option1i Concrete sump boikbe used for spreading flows that are concentrated
unconcentrated

1 Option27 Interrupted curbh usedonly for flows that are already unconcentrated and enter a
filter strip or continuous inflow biofiltration swale.

General DesignCriteria
1 See Snohomish County EDIShapter 505M.

1 Where flow enters the flow spreader through a pipe, it is recommended that the pipe be
submerged to the extent practical to dissipate energy as much as possible.

1 For higher inflows (greater than 5 cfs the 100yr storm), a Type 1 catch basin should be
positioned in the spreader and the inflow pipe should enter the catch basin with flows exiting
through the top grate. The top of the grate should be lower than the level spreader plate, or if
a notched smader is used, lower than the bottom of thetches.

Option 1 -- Concrete Sump Box $eeFigure 5.1)

1 The wall of the downstream side of a rectangular concrete sump box must extend a minimum
of 2 inches above the treatment bed. This serves as a wpietad the flows uniformly
across the bed.

T The downstream wal l of a sump box must have
returns must be slightly higher than the weir so that erosion of the side slope is minimized.

1 Concrete for a sump box can éiéher casin-place or precast, but the bottom of the sump
must be reinforced with wire mesh for casfplace sumps.

1 Sump boxes must be placed over bases that consists of 4 inches of crushed-iock, 5/8
minus to help assure the sump remains level.

Option 2 -- Interrupted Curb (No Figure)

Interrupted curbare sections of curb placed to have gaps spaced at regular intervals along the
total width (or lengthgdepending on facility) of the treatment area. At a minimgaps must be
every 6 feet to allowdistribution of flows into the treatment facility before they become too
concentrated. The opening must be a minimum of 11 inches. As a general rule, no opening
should discharge more than 10 percent of the overall flow entering the facility.
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Example of a concrete sump flow
spreader used with a biofiltration swale
(may be used with other WQ facilities).

side with wing walls
see note

concrete sump

i g Bio-swale bottom ——
outfall riprap pa Yy N Y
T »B I
inlet pipe — R
Aa
PLAN VIEW
NTS
/-~ inlet pipe — wing wall outline
= B — 2" min. clearance
. 7‘“*!!‘1 ~ Y i T S A IfiA
o as =i UL A Ay
concrete sump
(4" wall thickness)
Note: Extend sides into slope. Height of
side wall and wing walls must be sufficient SECTION A-A
to handle the 100-year flow or the highest NTS

flow entering the facility.

SECTION B-B

NTS

Figure 5.1 Flow Spreader Option B: Concrete Sump Box
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4.5.3 Outfall Systems

Properly designed outfalls are critical to reducing the chance of adverse impacts as the result of
concentrated discharges from pipe systems and culverts, both onsite and dowrStrdalh.
systemsnclude rock splash pads, flow dispersal trenches, gaiother energy dissipaters, and
tightline systems. Aightline systenis typically a continuous length of pipe used to convey

flows down a steep or sensitive slope with appropriate energy dissipation at the discharge end.

General Design Criteria

Provided below are general design criteria for both Outfall Features and Tightline Systems.

Outfall Features

At a minimum, all outfalls must be provided with a rock splash(fae¢ EDDS Standard
Drawing 5060) except as specified below

T

The flow disper®n sysgemsshown inSnohomish County EDDStandard Drawings-870
through5-085should only be used when both criteria below are met:

1. An outfall is necessary to disperse concentrated flows across uplands where no
conveyance system exists and the natural (egistlischarge is unconcentrated; and

2. The 100year peak discharge rate is less than or equal to 0.5 cfs.

For freshwater outfalls with a design velocity greater than 10 fps, a gabion dissipater or
engineered energy dissipater may be requiek Snohomish County EDDS Chapter 5
05M for engineering design information and details for energy dissipation

Tightline systems may be needed to prevent aggravation or creation of a downstream erosion
problem.

In marine waters, rock splash pads and gabion structures are not recommended due to
corrosion and destruction of the structure, particularly in high energgoeaments. Diffuser

Tee structuregseeSnohomish County EDDStandard Drawing-B85 are also not

generally recommended in or above the intertidal zone. They may be acceptable in low bank
or rock shoreline locations. Stilling basins or bublgbestructires are acceptable. Generally,
tightlines trenched to extreme low water or dissipation of the discharge energy above the
ordinary high water line are preferred. Outfalls below extreme low water may still need an
energy dissipation device (e.g., a teedure) to prevent nearby erosion.

Energy dissipabn requirenents are set forth in Snohomish County EDZ¥apter S505M,

including stilling basins, drop pools, hydraulic jump basins, baffled aprons, and bucket
aprons, are required for outfalls with desigatocity greater than 20 fps. These should be
designed using published or commonly known techniques found in such references as
Hydraulic Design of Energy Dissipaters for Culverts and Chanmeiblished by the Federal
Highway Administration of the UniteStates Department of Transportati@mpen Channel

Flow, by V.T. Chow;Hydraulic Design of Stilling Basins and Energy Dissipaté&is! 25,

Bureau of Reclamation (1978); and other publications, such as those prepared by the Natural
Resource Conservation Service.
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Alternate mechanisms may be used, such as buipbétructures that eventually drain and
structures fitted with reinforcecbncrete posts. If any alternate mechanisms are to be
considered, they should be designed using sound hydraulic principles and consideration of
ease of construction and maintenance.

Mechanisms that reduce velocity prior to discharge from an outfalhamieaged. Some of

these are drop manholes and rapid expansion into pipes of much larger size. Other discharge
end features may be used to dissipate the discharge energy. An example of an end feature is
the use of a Diffuser Tee with holes in the froalf has shown irsnohomish County EDDS
Standard Drawing-B85

New pipe outfalls can provide an opportunity for fowst fish habitat improvements. For
example, an alcove of lowelocity water can be created by constructing the pipe outfall and
associagd energy dissipater back from the stream edge and digging a chann&lid®rexd

to the upstream side, from the outfall to the stream (as shown in BigureOverwintering

juvenile and migrating adult salmonids may use the alcove as shelter dutirftpiig.

Potential habitat improvements should be discussed with the Washington Department of Fish
and Wildlife biologist prior to inclusion in design.

Bank stabilization, bioengineering and habitat features may be required for disturbed areas.

Outfall structures should be located where they minimize impacts to fish, shellfish, and their
habitats.

One caution to note is that thestream sample gabion mattress energy dissipater may not be
acceptable within the ordinary high water mark of-fidaring vaters or where gabions will

be subject to abrasion from upstream channel sediments. -Aiétmd gabion basket located
outside the ordinary high water mark should be considered for these applications.

Stormwater outfalls submerged in a marine environnsantbe subject to plugging due to
biological growth and shifting debris and sediments. Therefore, unless intensive
maintenance is regularly performed, they may not meet their designed function.

Tightline Systems

T

Outfall tightlines may be installed in trelmes with standard bedding on slopes up to 20%. In
order to minimize disturbance to slopes greater than 20%, it is recommended that tightlines
be placed at grade with proper pipe anchorage and support.

Except as indicated above, tightlines or conveyati@draverse the marine intertidal zone
and connect to outfalls must be buried to a depth sufficient to avoid exposure of the line
during storm events or future changes in beach elevation. Jhaibre material is used to

bed the tightline, such matdrghall be covered with at least 3 feet of native bed material or
equivalent.
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1 High density polyethylene pipe (HDPP) tightlines must be designed to address the material
limitations, particularly thermal expansion and contraction and pressure desigegcifisdp
by the manufacturer. The coefficient of thermal expansion and contraction for solid wall
polyethylene pipe (SWPE) is on the order of 0.001 inch per foot per Fahrenheit degree.
Sliding sleeve connections must be used to address this thermaliewarscontraction.
These sleeve connections consist of a section of the appropriate length of the next larger size
diameter of pipe into which the outfall pipe is fitted. These sleeve connections must be
located as close to the discharge end of thialbst/stem as is practical.

1 Due to the ability of HDPP tightlines to transmit flows of very high energy, special
consideration for energy dissipation must be mageeSnohomish County EDDShapter
5-05M for energy dissipation requirements
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energy
dissipation

ey
dizsipation per
Section 4.2.2

Figure 5.2 Fish Habitat Improvement at New Outfalls
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4.6  Maintenance Requirementsfor Stormwater Facilities

4.6.1 Purpose

The purpose of this chapter is to set forth maintenesgueirementgor stormwaterfacilities
includingcatch basinsTherequirements include maintenarstandardprovidedin Volume VI
Stormwater Facility Maintenanc&or eactspecific facility components and featutas
approved uniform maintenanstandards are listed

The facility-specific maintenanceequirementsre intended to be conditions for determining if
maintenance actions are required, as identified through inspection. The following definitions
apply to maintenance describm this chapteand Volume VI

"Stormwaterfacility," for the purposes of this chaptard Volume V] means a catch basin or
stormwater flow control or treatment facilitypycluding components and accedsscribed in
Tables 1 through28in Volume VI of thismanual

AMai nt enanc e oandMwlumetVkhalkbe uséddopriean regular maintenance, repair
or replacement actions. The maintenance standaedsot intended to be measures of a facility's
required condition at all times between inspections. In other words, if these conditions are
exceeded at any time between inspections and/or maintenance, this does not automatically
constitute a violationfahese standards.

4.6.2 Applicability

This chapter applies stormwaterfacilitiesidentified in Table 5.3 of this chaptérat are owned
or operated by Snohomish County, catch basins owned or operated by the County, and such
stormwateffacilities and catch basins owned by other entdgresdividuals

4.6.3 Enforcement

Chapter 74 SCCrequires any owner or operator oftarmwateffacility described in this
chapter to maintain the facility in accordamaéh therequirements anstandards set forth in
this chapteand Volume VI

4.6.4 Tracking Maintenance and Repair Costs

Chapter 7.56CCrequiresthatownersand operators of stormwater facilitiesep records of
their maintenance actions for thetormwatefrfacilities. In addition Snohomish County requests
thattheseowners and operatots track the cost of maintenanaad providdghat information to
the County. However, thaequesfor cost informations not a regulatory requirement. The
information will be used by the County to estimate general maintenance and repair cost
information in orderto provideuseful datao members of the publicncludinghomeowners
associationsvho may need tplan and budget for maintenance servicEee County does not
intend toprovide cost information that can be traced to a specific facility.
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Stormwater Facility Maintenance Schedule

A) Maintenance actions to be completed within thirty days of the date of notice

a1

When a Countynitiated inspection of a flow adrol structure finds that the hydraulic
function of the structure is significantly impaired, the owner or operator shall have thirty
days from the date of the notice issued by the County in which to complete maintenance
actions required by the notice.

If, after thirty days, the required maintenance actions have not been completed, the
owner or operator will be in violation &CCand will be subject to enforcement acson

by the County. In such cases, the County may, at its optionsipettie necessary
maintenance actions, in which case the owner or operator will be charged for all costs
the County incurs for performing these maintenance actions.

B) Maintenance actions to be completed within one year of the date btice

a1

In addition to the requirements of section 4.6.5A, when a Cauaitigted inspection of

a stormwateffacility identifies one or more conditions for any component listed in

tables 1 throug@8 of Volume VIfor which maintenance is neatj@and for which the
necessary maintenance actions are estimated to cost less than $28,00Mer or

operator has one year from the date of the notice issued by the County in which to
complete maintenance actions required by the notice. If mainteahad®w control
structure is required under section 4.6.5A, the cost of those maintenance actions shall be
considered part of the total maintenance cost for the esttirmwateffacility.

The owner or operator is responsible for obtainihgeguired permits and permissions
before starting work.

If, after one year from the date of the notice, the required maintenance actions have not
been completed, the owner or operator will be subject to enforcement action by the
County. In such casethe County may, at its option, perform the necessary maintenance
actions, in which case the owner or operator will be charged for all costs the County
incurs for performing these maintenance actions.

With the exception of work described in 4.6.5A an@l®D, maintenance actions may

not be allowedluringthe period from October 1 to April 30 in order to ensure that
downstream property and stream corridors will not be subject to flooding, habitat
degradation, or pollutant contamination as a result oethesons.

Depending on the scope of work and seasonal conditions, the County reserves the right
to require the owner or operator to complete necessary maintenance @atingghe

period from May 1 to September 30.

C) Maintenance ations to be completed within two years of the date of notice

1

In addition to the requirements of section 4.6.5A, when a Caduitigted inspection of a
stormwaterfacility identifies one or more conditions for any component listadbies 1
through28 of Volume VIfor which maintenancés required and for which the necessary
maintenance actions are estimated to cost $2®m06tre the owner ooperator has two
years from the date of the notice issued by the County in which to cortijmee
requiredmaintenance actiondf maintenance of ddw control structure is required
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under section 4.6.5A, the cost of those maintenance actiondshahsidered part of
the total maintenance cost for the ensitermwatefracility.

2 The owner or operator shall be responsibleafayuiring all needed permits and
permissions before commencing work.

32 If, after two years from the date of the notice, the required maintenance actions have not
been completed, the owner or operator will be subject to enforcement action by the
County. Insuch cases, the County may, at its option, perform the necessary maintenance
actions, in which case the owner or operator will be charged for all costs the County
incurs for performing these maintenance actions.

4 With the exception of work described4t6.5A and 4.6 B, maintenance actions may not
be allowedduringthe period from October 1 to April 30 in order to ensure that
downstream property and stream corridors will not be subject to flooding, habitat
degradation, or pollutant contamination assulteof these actions.

5 Depending on the scope of work and seasonal conditions, the County reserves the right to
require the owner or operator to complete necessary maintenance actions in the first year
during the period from May 1 to September 30.

G In order for the owner or operator of titermwateffacility to receive two (2) years to
perform the necessary maintenance actions, he/she must provide the County with a good
faith estimate or bid for the total cost of these maintenance actidatenthan the 60th
day after the date of the notice.

D) Emergency orders

In addition to any requirements described above, and in accordance with the provisions of
Chapter 30.85 SCC, if the County determines that a condition exissscahavaterfacility that
endangers public or private property, creates an immediate hazard, creates a violation of critical
areas provisions or surface water protection, or threatens the health and safety of the occupants
of any premises or members of the peilthe County may issue an emergency order. Upon
issuance of an emergency order, the owner or operator stiotmawateifacility shall remedy

the condition immediately.

4.66 Maintenance Standards

Maintenance standards are set fortiales 1 through 2@f Volume VI Stormwater Facility
MaintenanceBelow Table 5.3ists all thestormwater facilitieshat aredescribed involumeVI.
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Table 53 Stormwater Facilities with Maintenance Standards

(See Volume VI for Maintenance Standards)

No.

Access Gateand Fencing

No. 1 Catch Basins
No. 2 Conveyance Storm Pipes
No. 3 Debris Barriers (e.q., Trash Racks)
No. 4 Control Structure/Flow Restrictors
No. 5 Facility Discharge Points
No. 6 Enerqgy Dissipaters
No. 7 Detention Ponds
No. 8 DetentionTanksand Vaults
No. 9 Infiltration Facilities
No. 10 Wetponds
No. 11 Wetvaults
No. 12 BioretentionFacilities
No. 13 BasicBiofiltration Swales
No. 14 Wet Biofiltration Swales
No. 15 Compost Amended Vegetated Filter Strip (CAVFS)
No. 16 Media Filter Drain
No. 17  Filter Strips
No. 18 Sand Filters (above ground/open)
No. 19 Sand Filtes (below ground/enclosed)
No. 20 Permeable Pavement
No. 21 Vegetated Roofs
No. 2  MediaCartridgeFilters
No. 23 Hydrodynamic Separators
No. 24 API Baffle Oil/Water Separators
No. 24 Coalescing Plate Oil/Water Separators
No. 26  Catchbasin Inserts
27
2

No.

Access Roads
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ChapteOnShte StormwatandMah&geM

5.1 Purpose

This chapter presents the methods for analysis and designsifeostormwater management
bestmanagemenpractices (BMPs)which are defined in Snohomish County CEHEC)as
fthose best management practices designed to meet Minimum Requirespeaifigd in
30.63A.525 SCC and described in Volume | of the Snohomish County Drainage Manual

This chapter also presents other BMPs that, while not required for consideration in compliance
with 30.63A.525 SCC, fall into the categories of low impactettgyment BMPs or low impact
development as those terms are defined in Snohomish County Code.

5.2 Application

Minimum Requirement 5as set forth in SCC 3BA.525,requires the use of various-site
stormwater management BMPs provided they are not iieastcording to criteria set forth in

this manual. Volume I, Chapter 2 sets forth the selection process for these BMPs. Volume lll,
Chapter 3 contains specific information for the followingsite stormwater management BMPs:

1 BMP T5.10A Downspout Fullnfiltration Systems
1 BMP T5.10B Downspout Dispersion Systems
1 BMP T5.10C Perforated Stedut Connections

The remaining ossite stormwater management BMPs required for consideration under
Minimum Requirement and described in this chapter are:

1 BMP T5.11 Conentrated Flow Dispersion

BMP T5.12 Sheet Flow Dispersion.

BMP T5.13 PostConstruction Soil Quality and Depth
BMP T5.14ARain Gardens

BMP T5.14B Bioretention

BMP T5.15 Permeableavement

BMP T5.30Full Dispersion

This chapter also containgormation about the following BMPs that are not required for
consideration under Minimum Requirement 5, but which may be used to help meet the flow
control requirements of Minimum Requiremenby otherwise ensure implementation of
stormwatesite planimg principlesset forth in Volume I, Chapter. 3

1 BMP T5.16 Tree Retention and Tree Planting
1 BMP T5.17 Vegetated Roofs

1 BMP T5.18 Reverse Slope Sidewalks

1 BMP T5.19 Minimal Excavation Foundations

= =2 =2 4 A -2
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1 BMP T5.20Rainwater Harvesting
1 BMP T5.40 Preservinjatural Vegetation
1 BMP T5.41 Better Site Design

The Underground Injection Control (UIC) regulations of Chapter2ITWAC apply to
stormwater infiltration systems that meet tha
Generally speaking, the stormwainfiltration BMPs in this manual that meet this definition are

those for which the excavated hole is deeper than the largest surface dimension, or those

containing a perforated pipe or similar subsurface fluid distribution system. The UIC regulations

are implemented by the Washington State Department of Ecology. Snohomish Goestyot

implement or enforce the UIC regulations and t hey are independent of
regulations. Snohomish County recommends that the applicant contamgy¥=fmol project

specific UIC requirements. Information is also available in the 2019 Ecology Stormwater
Management Manual for Western Washington, Volume I, Chapter 1.4.

5.3  On-Site Stormwater Management BMPs

Section 5.3 sets forth information for the B&)@ther than those described in Volume Il
Chapter 3, that must be considered for compliance with Minimum Requirement 5.
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BMP T5.11 Concentrated Flow Dispersion

Applications and Limitations

Concentrated flow dispersion can be used in any situation wheraflolae concentrated but

can be dispersed through native vegetation or developed vegetated areas with soil amended to
meet the requirements of BMP T5.1BostConstruction Soil Qualityrad Depth. A typical

example, shown in Figure3.is a steep driveway which runoff must be concentrated in order

to divert it to dispersion trenches.

Infeasibility criteria for Concentrated Flow Dispersion

Concentrated flow dispersion systems are considered infeasible in the following circumstances:
1 if a vegetated flowpath @5 feet or more cannot be provided

9 if the use of a dispersion system might cause erosion or flooding problems onsite or on
adjacenproperties

9 if the discharge point can only be located on or above a slope greater than 20% or above
erosion hazard areas, unless these locations are determined to not pose erosion or slope
stability hazards by the project engineer; or

9 if the discharge pai can only be located upslopemfmary and reserveeptic system
drainfield areasunlesssite topography clearly prohibits flows from intersecting the
drainfield or where site conditions (soil permeability, distance between systems, etc.) indicate
thatthis is unnecessary.

Design criteria for Concentrated Flow Dispersion

1 Setback and separation requirements are set forth in SCC 30.63A.710. In addition, a
minimum 25-foot vegetatedlow path is required between the discharge point of the
dispersion trenchnd any property line, structure, steep slope, stream, lake, wetland, lake, or
other impervious surfacdf the flow path is 25 50 feet long, flows must be distributed
using a dispersion trenchdeVolume Ill, Chapter 3, BMP T5.10Bas a prerequisite to use
of the lateral flow element.

1 A maximum of 700 square feet of impervious area may drain to each dispersion trench.

1 Provide a pad of crushed rock at least 2 feet wide, 3 feet long, and 6 inched daeh
discharge point.

Runoff model representation

Where BMP T5.11 is used to disperse runoff into an undisturbed native landscape area or an area

that meet8MP T5.13(PostConstruction Soil Qality and Depth)the impervious area should
be modeled as a lateral flow imperviduassinconnected to a lawn/landscape lateral flow basin
which represents the area used for dispergitiarnatively, where multiple instances of
concentrated flow dersion willoccur thefollowing methods may be used.

1 If the vegetated flow path is at least 50 feet, the impervious area may be modeled as
landscaped area

1 Where the vegetated flowpath is 250 feet, using a dispersion trench (see BMP T5.10B)
allows modeling the impervious area as 50% impervious/50% landscape.
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BMP T5.12 Sheet Flow Dispersion

Applications and Limitations

Sheet flow dispersion can be used in areas with a slope of 15% or less where flow can be
dispersed through native vegetation or developed vegetated areas with soil amended to meet the
requirements of BMP T5.13PostConstruction Soil Quality and Depth. For areas with slopes
greater than 15%, dispersion if feasible must be achieved by using BMP T5.11, Concentrated
Flow Dispersion.

Infeasibility criteria for Sheet Flow Dispersion
Sheetflow dispersion systems are considered infeasible in the following circumstances:

1 If a minimum 16foot flow pathper every20 feet ofcontributing surfacéiow pathcannot be
provided;

1 if the use of a dispersion system might cause erosion or flooddbéems onsite or on
adjacent properties

9 if the BMP can only be located on or above a slope greater than 20% or above erosion hazard
areas, unless these locations are determined to not pose erosion or slope stability hazards by
the projecengineer; or

1 if the discharge area cannot be located more than 10 feet downgadgientary and
reserveseptic systendrainfield areasunlesssite topography clearly prohibits flows from
intersecting the drainfield or where site conditions (soil pehitiga distance between
systems, etc.) indicate that this is unnecessary.

Design criteria for Sheet Flow Dispersion

Figure5.4 shows sheet flow dispersion using a dispersion trench, and also shows sheet flow from
pavement discharged through a "transition Zorfiée dispersion trench optipshown in the

upper drawing in the figurés identical to that used in BMP T5.1Concefrated Flow

Dispersion. The transition zone option, shown in the lower drawing in the figure, involves direct
discharge of sheet flow from tlwentributing surface impervioukrough a twefoot wide strip
constructed of one of several materials.

Sheeftflow dispersion using a dispersion trench

The design criteria andinoff model representatiare the same as those set forth for a
dispersion trench in BMP T5.21Concentrated Flow Dispersion.

Sheet flow dispersion using a transitizone

1 Sheet flow from theontributing surfacehall be discharged intota&o-foot-wide transition
zone between the edge of tantributingsurfaceand the downslope vegetatiomhe
transition zone shall consist of an extensiopafemensubgrade matial, modular
pavementor drain rock

1 The transition zone material must be placed on top of soil amended according to the criteria
of BMP T5.13.
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1 Forup to20 feet é contributing surface flow patla 10-foot sheet flow dispersiofiow path
shall be providedetween the edge of the transition zone and any property line, structure,
steep slope, stream, lake, wetland, lake, or other impervious sufacedditionall0 feetof
flow dispersion path shall be added éarch additional 20 feet ebntributing surface flow
path or any fraction thereof

Runoff model representation

Where BMP T5.12 is used to disperse runoff into an undisturbed native landscape area or an area
that meets BMP T5.13he impervious area should be modeled as a lateral flow impervious basin
connected to a lawn/landscape lateral flow basin which represents the area used for dispersion.
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BMP T5.13 PostConstruction Soil Quality and Depth

Purpose anddefinition

Naturally occurring (undisturbed) soil and vegetation provide important stormwater functions
including: water infiltration; nutrient, sediment, and pollutant adsorption; sediment and pollutant
biofiltration; water interflow storage and transmission; antufsnt decomposition. These

functions are largely lost when development strips away native soil and vegetation and replaces
it with minimal topsoil and sod. Not only are these important stormwater functions lost, but such
landscapes themselves becomiution- generating pervious surfaces due to increased use of
pesticides, fertilizers and other landscaping and household/industrial chemicals, the
concentration of pet wastes, and pollutants that accompany roadside litter.

Establishing soil quality andepth regains greater stormwater functions in the post development
landscape, provides increased treatment of pollutants and sediments that result from development
and habitation, and minimizes the need for some landscaping chemicals, thus reducimg polluti
through prevention.

Applications and limitations

Establishing a minimum soil quality and depth is not the same as preservation of naturally
occurring soil and vegetation. However, establishing a minimum soil quality and depth will
provide improved oisite management of stormwater flow and water quality.

Soil organic matter can be attained through numerous materials such as compost, composted
woody material, biosolids, and forest product residuals. It is important that the materials used to
meet the sbquality and depth BMP be appropriate and beneficial to the plant cover to be
established. Likewise, it is important that imported topsoils improve soil conditions and do not
have an excessive percent of clay fines.

More than one method may be used dfekent portions of the same site. Soil that already meets
the depth and organic matter quality standards, and is not compacted, does not need to be amended.

Inf easibility criteria for Post-construction Soil Quality and Depth
This BMP is considered infei@ide on till soils with a slope greater than 33%.

Designcriteria

1 Soil retention The duff layer and native topsoil should be retained in an undisturbed state to
the maximum extent practicable. In any areas requiring grading remove and stockpile the
duff layer and topsoil on site in a designated, controlled area, not adjacent to public resources
and critical areas, to be reapplied to other portions of the site where feasible.

1 Soil quality. The resulting soil should be conducive to the type of vegettiibe
established All areas subject to clearing and grading that have not been covered by
impervious surface, incorporated into a drainage facility or engineered as structural fill or
slope shall, at project completion, demonstrate the following:

0 A topsal layer with a minimum organic matter content of ten percent dry weight in
planting beds, and 5% organic matter con{based on a lossi-ignition test)in turf
areas, and a pH from 6.0 to 8.0 or matching the pH of the original undisturbed soil. The
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topsoil layer shall have a minimum depth of eight inches except where tree roots limit the
depth of incorporation of amendments needed to meet the criteria. Subsoils below the
topsoil layer should be scarified at least 4 inches with some incorporatioe wbper

material to avoid stratified layers, where feasible.

o Planting beds must be mulched with 2 inches of organic material
o Quality of compost and other materials used to meet the organic content requirements:

1. The organic contentfar p-aepr ovedo amendment rates can
compost meeting the compost specification for Bioretention (BMP T7.30), with the
exception that the compost may have up to 35% biosolids or manure.

2. Compost used in bioretention areas should be stabtarerend derived from yard
debris, wood waste, or other organic materials that meet the intent of the organic soil
amendment specification. Biosolids and manure composts can be higher in bio
available phosphorus than compost derived from yard or plame wad therefore are
not allowed in bioretention areas due to the possibility of exporting\adable
phosphorus in effluent.

3. The compost must also have an organic matter content of 35% to 65%, and a carbon
to nitrogen ratio below 25:1.

4. The carbon toitrogen ratio may be as high as 35:1 for plantings composed entirely
of plants native to the Puget Sound Lowlands region.

0 Calculated amendment rates may be met through use of composted material tihheeting
requirementsbove; or other organic materials arded to meet the carbon to nitrogen
ratio requirements, and not exceeding the contaminant limits identified in Tabi, 220
Testing Parameters, in WAC 1-350-220.

1 Implementation OptionsThe soil quality design guidelines listed above can be met by using
one of the methods listed below

o Leave undisturbed native vegetation and soil, and protect from compaction during
construction

o Amenddisturbed soil according to the following procedures:

1. Scarify subsoil to a depth of one foot

2. In planting beds, pladéiree inches of compost and till in to an eigith depth.
3. Inturf areas, place two inches of compost and till in to an-énght depth.
4

. Apply two to four inches of arborist wood chip, coarse bark mulch, or compost mulch
to planting beds after final plang.

0 Amend on a siteustomized manner so that it meets the soil quality criteria set forth
above, as determined by a licensed engineer, geologistcégredarchitecor other
person as approved by Snohomish County.

0 Stockpile existing topsoil during gitang, and replace it prior to planting. Stockpiled
topsoil must be amended if needed to meet the organic raattdepth requirementsy
following the procedures ithe previous bullet
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1 Import topsoil mix of sufficient organic content and depth to meedrtp@nic matter and
depthrequirements.

Construction

1 Soil quality and depth should be established toward the end of constructjamead
established, should be protectechiroompaction, such as from large machinery use, and
from erosion.

1 Soil should be planted and mulched after installation.

1 Plant debris or its equivalent should be left on the soil surface to replenish organic matter.

Runoff model representation

All areas meeting the soil quality and depth design criteria may be entered into approved
continuougunoff hydrologicmodels as pasture rather tHawnAdandscapingThis includes
impervious surfaces modeled as pervious fofadhewing BMPs:

1 BMP T5.10B Downspout Bpersion Systems
1 BMP T5.11 Concentrated Flow Dispersion
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BMP T5.14A Rain Gardens

Purpose anddefinition

A rain gardens a vegetated esite stormwater management BMP consisting stiallow

landscaped depression wihpeciallfamended soilsRain gardensan be used tmfiltrate

runoff fromroofs and other hard surfaces in project that are required only to meet Minimum
Requirements 1 5. Rain gardens are similar in structure to bioretention systems, but have less
rigorous design requirements and are sized with a ™eitpaivalento that used foBMP

T5.10A T Downspout Full Infiltration Systemd-igure 5.5depicts a typical longitudinal cross
section of a rain garden.

Applications and limitations

Establishing a minimum soil quality and depth is not the same as @eserof naturally
occurring soil and vegetation. However, establishing a minimum soil quality and depth will
provide improved ofsite management of stormwater flow and water quality.

Soil organic matter can be attained through numerous materials stmimp@st, composted

woody material, biosolids, and forest product residuals. It is important that the materials used to
meet the soil quality and depth BMP be appropriate and beneficial to the plant cover to be
established. Likewise, it is important t@iported topsoils improve soil conditions and do not
have an excessive percent of clay fines.

Inf easibility criteria
Infeasibility criteria for rain gardens are the same as those for BMP T Bgdetention.

Designcriteria

Sizing criteria

The ratio of he plan view areaf ponded watebelow the overflow to the area contributing

runoff shall be determinday Table 54, basedn soil type. These ratios were derived from the
design criteria for BMP T5.10A Downspout Full Infiltration SystemdNOTE: if the rain

garden is used as a BMP to satisfy Minimum Requirement 5 for runoff from hard surfaces other
than roofs, areas of permeable pavement need not be included in the contributing area.

Underdrains

Underdrains are allowed but not required in rain gard@hg invert ofanunderdrain shall ba
minimum of6 inches above the bottom of the aggregate bedding for the undefdcaethata
determination ofnfeasibility forarain gardercannot be based upon the inclusion of an
underdrain.

Rain gardersoil

Amend the native sailith compost that meets the requirements of that used for bioretention soll
mix in accordance with the requirements set forth in BP Ti7 Bidretention. Compost meeting

the requirements of BMP T5.13 is not acceptable, sirm@nitontain biosolids and manure,

which are not allowed in rain gardens.
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Figure 55 Typical Rain Garden Longitudinal Section

Setback and separation distances

Setback and separation requirements are set forth iB8®BA.710. In additionain gardens
shall be separated a minimum of 5 feet from building foundations, and set back a minimum of 5
feet from property lines.

Construction

Requirements for erosion and sedimentation control during construeticanation, soil
placement, and installation shall be in accordance with those for BMP iTBi8@etention set
forth in this volume.

Maintenance

Seethe requirements set forth in Chapter 4.6 of this volume and in applicable bioretention
system maintenancandardsn Volume VI Stormwater FaciljtMaintenance.
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Table 54 Rain Garden Plan View Area Based orsoil Type

Soil type Ratio of plan view below overflow to
contributing area (ft?)
Loam 0.38
Sandy loam 0.25
Loamy sand 0.15
AFi ne -lssathad ®0% aand 0.15
fractionremaining on #40 sieve
A Me d i andd- morethan50% of 0.06
sand fractiorremaining on #40 sieve
i C o a and emorethan50% of sand 0.06
fractionremaining on #4 sieve
Fill 0.12

Note *Rain gardenshallnotbe placed in fill material unless the fill is placed and compacted
under the direct supervision of a geotechnical engineer or civil engineer with
geotechnical expertisandif the measured infiltration rate is at least 8 inches per.hour
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BMP T5.14B Bioretention for On-site Stormwater Management

Purpose anddefinition

Bioretention systems are vegetated stormwater management systems consisting of an excavated
area patrtially filled with a bioretention soil mix and replanted using plants from a spetific lis
Bioretention systems can be designed and constructedsi® @gtormwater management BMPs

used to comply with Minimum Requirement 5, or can be designed and constructed using
different criteria to serve as stormwater treatment systems for compliathcelnwimum

Requirement 6. In addition, bioretention systems can also provide infiltration that serves to
partially or fully meet Minimum Requirement 7.

Infeasibility criteria

See infeasibility criteria for BMP T7.30Bioretention in Chapter 7 of th®lume.

Designcriteria
See design criteria for BMP T7.8@ioretention in Chapter 7 of thi®lume.

Setback and separation distances

Setback and separation requirements drimgh in SCC 30.63A.710. In additionpbetention
systems for ofsite stormwater management shall be separated a minimum of 5 feet from building
foundations, and set back a minimum of 5 feet from property lines.

Maintenance

See the requirements set forth in Chapter 4.6 of this voiunden applicableibretention

system maintenancandardsn Volume VI Stormwater FaciljtMaintenance.

Runoff model representation

Seerunoff model representatidar BMP T7.30i Bioretention in Chapter 7 of this volume.
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BMP T5.15 Permeable Pavement

Purpose and definition

There area number of variations gfermeable pavemenVariables include the basic paved

surface material (typically asphalt or concrete), whether the pavement is a contiguous surface of
permeable material, or an array of blocks or pieces of impermeable matgafédso that

water can infiltrate througlné spaces between the payarsd whether vegetation such as grass

is intentionally included in the systerithe Snohomish County EDDS contains detailed

information about the types oépmeablgpavement allowed by Snohomish County.

This chapter contains information about the drainage design and hydrologic modeling aspects of
permeable pavementnformation about materials, structural design, and construction of
permeable pavement is set forttSnohomish County EDDG&hapter 11exept for subgrade
load-bearing requirements which are set fortismohomish County EDDShapter 4

Applications and stormwater-related limitations

Permeable paving surfaces are an important integrated management practice within the LID
approach and can loesigned to accommodate pedestrian, bicycle and auto traffic while
allowing infiltration, treatment and storage of stormwater

Permeable pavements are appropriate in many applications where traditionally impermeable
pavements have been us&gpical applcations for permeable paving include parking lots,
sidewalks, pedestrian and bike trails, driveways, residential access roads, and emergency and
facility maintenance roads

From a stormwater perspectivieetlimitations of permeable pavement are:

1 No runonfrom pervious surfaces is preferrédrunoff comes from minor or incidental
pervious areas, those areas must be fully stabilized.

1 Unless the pavement, base course, and subgrade have been designed to accept runoff from
adjacent impervious surfacefEeimpervious runoff away from the permeable pavement to
the maximum extent practicabfeheet flow from uggradient impervious areas is not
recommended, but permissiblehle permeable pavement area is greater thaimibervious
pavement area

1 Soils mushot be tracked onto the wear layer or the base course during construction

Infeasibility criteria for permeable pavement
Permeable pavement is considered infeasible if any of the following conditions exist.

These criteria also apply to impervious pavemdrdsredistribute stormwater into the base
materialbelow the pavement

Citation of any of the following infeasibility criteria must be based on an evaluation-of site
specific conditions and a written recommendation from an appropriate licensed praflession
(e.g, engineer, geologist, hydrogeologist):

1 Where professional geotechnical evaluation recommends infiltration not be used due to
reasonable concerns about erosion, slope failure, or down gradient flooding.
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1 Within an area whose ground water drains into an erosion hazard, or landslide hazard area.

Where infiltrating and ponded water below new permeable pavement area would
compromise adjacent impervious pavements.

1 Where infiltrating water below a new permeable pavement area would threaten existing
below grade basements.

Where infiltrating water woulthreaten shoreline structures such as bulkheads.
Down slope of steep, erosion prone areas that are likely to deliver sediment.
Where fill soils are used that can become unstable when saturated.

= =2 =4 2

Excessively steep slopes where water within the aggregatdayas or at the sufprade

surface cannot be controlled by detention structures and may cause erosion and structural
failure, or where surface runoff velocities may preclude adequate infiltration at the pavement
surface

1 Where permeable pavemegtnnotprovide sufficient strength to support heavy loads at
industrial facilities such as ports.

1 Where installation of permeable pavement would threaten the safety or reliability of pre
existing underground utilities, pexisting underground storage tanks, mgxisting road
subgrades.

The following criteria can be cited as reasons for a finding of infeasibility without further
justification (though some require professional services to make the observation):

1 Within an area designated as an erosiarard, or landslide hazard.
1 Within 50 feet from the top of slopes that are greater than 20%.

1 For properties with known soil or groumgater contamination (typically federal Superfund
sites or state cleanup sites under the Model Toxics Control Act (MTCA))

o Within 100 feet of an area known to have deep soil contamination;

o Where ground water modeling indicates infiltration will likely increase or change the
direction of the migration of pollutants in the ground water;

o0 Wherever surface soils have beearfd to be contaminated unless those soils are
removed within 10 horizontal feet from the infiltration area;

o Any area where these facilities are prohibited by an approved cleanup plan under the state
Model Toxics Control Act or Federal Superfund Law, meavironmental covenant
underChapter 64.70 RCW

M Within 100 feet of a closed or active landfill.

Within 100 feet of a drinking water well, or a spring used for drinking water supply, if the
pavement is a pollutiegenerating surface.

1 Within 10 feet ofa small orsite sewage disposal drainfield, including reserve areas, and grey
water reuse systems. Fopseationd r om a -§i aegeewage di sposal
Chapter 24&@72B WAC.
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Within 10 feet of any underground storage tank and connectinggroded pipes,

regardless of tank sizAs used in thsecriteria, an underground storage tank means any tank
used to store petroleum products, chemicals, or liquid hazardous wastes of which 10% or
more of the storage volume (including volume in the commggiping system) is beneath

the ground surface.

At multi-level parking garages, and over culverts and bridges.

Where the site design cannot avoid putting pavement in areas likely to haiteriong
excessive sediment deposition after construction @gstruction and landscaping material
yards).

Where the site cannot reasonably be designed to have a porous asphalt surface at less than 5
percent slope, or a pervious concrete surface at less than 10 percent slope, or a permeable
interlocking concretegvement surface (where appropriate) at less than 12 percent slope.

Grid systems upper slope limit can range from 6 to 12 percent; check with manufacturer and
local supplier.

Where the native soils below a pollutigenerating permeable pavement (e.g.d rma
parking lot) do not meet the soil suitability criteria for providing treatirfee¢ SSEb in
Section 3.37 of Volume Ill. Snohomish County magquire a sixinch layer of media
meeting the soil suitability criteria or the sand filter specificatioa esndition of
construction.

Where seasonal high grounater or an underlying impermeable/low permeable layer would
create saturated conditions within one foot of the bottom of the lowest gravel base course.

Where underlying soils are unsuitable fopgarting traffic loads when saturates
determined by subgrade requirements set forBnishomish County EDDG&hapter 4.

Where appropriate field testing indicates soils have a measured (a.k.a., initial) native soll
saturated hydraulic conductivity less than 0.3 inches per hour. (Note: In these instances,
unless other infeasibility restrictions apply, roads and parking laysha built with an
underdrain, preferably elevated within the base course, if flow control benefits are desired.)

Roads that receive more than very low traffic volumes, and areas having more than very low
truck traffic. Roads with a projected averagéyd@affic volume of 400 vehicles or less are

very low volume roads (AASHTO, 2001)(U.S. Dept. of Transportation, 2013). Areas with
very low truck traffic volumes are roads and other areas not subject to through truck traffic
but may receive up to weeklg@ by utility trucks (e.g., garbage, recycling), daily school bus
use, and multiple daily use by piclp trucks, mail/parcel delivery trucks, and maintenance
vehicles. Note: This infeasibility criterion does not extend to sidewalks and othetraffic
bearing surfaces

Where replacing existing impervious surfaces unless the existing surface ipallntion
generating surface over an outwash soil with a saturated hydraulic conductivity of four
inches per hour or greater.

At A hi g hasdesabedsniVoluene b Chapter 4 of this manual

Il n areas with Aindustrial activityo as ident
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1 Where the risk of concentrated pollutant spills is more likely such as gas stations, truck stops,
and industrial chemical storage sites.

1 Where routine, heavy applications of sand occur in frequent snow zones to maintain traction
during weeks of snow and ice accumulation. Most lowland western Washington areas do not
fit this criterion.

Stormwater designcriteria

Stormwateinfiltration

See Volume Il Chapter 3.10of this manual fomformationregarding required field testing,
assignment of infiltration rate correction factors, project submission requirements, and modeling.

Underdrains

Permeable pavement cannot be used to satisfy Minimum Requirgéns designed with an
underdrain at or near the bottom of the aggregate base. However, permeable pavement designed
with an underdrain that is elevated within the aggregate base canrbe used to satisfy

Minimum Requiremenb. Underdrains elevated within the aggregate base course may protect the
pavement wearing course from saturation.

Runoff model representation

Note that if the project is using permeable pavement to only Bid@tlist approach within
Minimum Requiremens, there is no need to model the permeable pavement in a continuous
runoff model.

Thefollowing informationshall be used toomply with the LID Performance Standard in
Minimum Requiremend, or the standards in Minimum Requiremes)tg, and/o18.

Approved continuous runofhiydrologicmodekinclude specific moeling elements$or use in
modelingthe permeable pavemelltithin these elements, the model user specifies pavement
thickness and porosity, aggregate base material thickness and porosity, maximum allowed
ponding depth, and the infiltration rate into tiaive soil.

1 For grades less than 2%, no adjustment to the below ground volumes are necessary.

1 For grades greater than 2% without internal dams within the base materials, the below ground
storage volume must be adjusted as follows:

o Permeablpavement surfaces that are below the surrounding grade and that are on a slope
can be modeled as permeable pavement with an infiltration rate and a nominal depth.

o The dimensions of the permeable pavement are: the length (parallel to and beneath the
road) d the base materials that are below grade; the width of the below grade base
materials; and an Effective Total Depth of 1 inch. Ifdberovedcontinuous runoff
hydrologicmodel requires the permeable pavement to have an overflow riser to model
overflowsthat occur should the available storage get exceeded, enter 0.04 ft (1/2 inch) for
the ARi ser Heighto and a | arge Riser Diamet
head build up.
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o If adrainage pipe is embedded and elevated in the below gradadtesials, the pipe
should only have perforations on the lower half (below the spring line) or near the invert.
Pipe volume and trench volume above the pipe invert cannot be assumed as available
storage space. If a drainage pipe is placed at the bottthra base material, the pavement
is modeled as an impervious surface without any gravel trench.

1 For roads on a slope with internal dams within the base materials that are below grade, the
below ground storage volume must be adjusted as follows:

o Each stretie of permeable pavement (cell) that is separated by barriers can be modeled
separately. For each cell, determine the average depth of water within the cell at which
the barrier at the lower end will be overtopped.

o0 Specify the dimensions of each cell of beowgrade base materials using the
per meabl e pavement di mension fields for:

parallel to the road); the APavement Bott
material); and the Effective Total Depth. In WWHM201he fieldentitledit Ef f ect i v e
Vol ume Factoro is used by the program to

the belowgrade base materials for roads on a slope. The Effective Volume Factor is the
ratio of the average maximum water depth behictieck dam (typically at the middle
of the pavement length) to the belgnade base materials depth.

o Each cell should have its own tributary drainage area within the permeable pavement
element that includes the road above it, any project site areas mhoffedrains onto
and through the road (lateral flow soil or impervious basin), and assjtefareas.
Represent each drainage area with a permeable pavement icon and a lateral flow basin
icon (if runon occurs).

In the runoff modeling, similar designgdhighout a development can be summed and represented
as one large facility. For instance, walkways can be summed into one facility. Driveways with
similar designs (and enforced through deed restrictions) can be summed into one facility. In these
instancesa weighted average of the design infiltration rates (where within a factor of two) for each
location may be used. The averages are weighted by the size of their drainage area. The design
infiltration rate for each site is the measured Ksat multipliedh&yappropriate correction factors.

Within WWHM2012,m t he Per meabl e Pavement screen unde
asks the following AUse Wetted Surface Area?bo
the belowgrade base matatitrench has sidewalls steeper than 2 horizontal to 1 vertical.

Maintenance

See the requiremengmd standardset forth in Chapter 4.6 of this volume, and in Volume VI
Stormwater Faility Maintenance.
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BMP T5.30 Full Dispersion

Purpose anddefinition

Full dispersion is an esite stormwater management BMP that can be used to meet Minimum
Requirement 5. It inslves dispersing the runoff, according to the requirements of this section,
from impervious surfaces and cleared areas of development sites that protect at least 65% of the
site (or a threshold discharge area on the site) in a forest or native conBitlbdispersion can

be used on residential developments that may include roadway construction, and for public road
projects that meet the requirements of this section and that are not constructed as part of a
residential, commercial, or industrial develagamproject. The roadway design requirements

differ for these two cases.

Applications and limitation for residential projects

l

Rural single family residential developments should use these dispersion BMPs wherever
possible to minimize effectivienpervious surface to less than 10% of the development site

Other types of development that retain 65% of the site (or a threshold discharge area on the
site) in a forested or native condition may also use these BMPs to avoid triggering the flow
control facility requirement.

The preserved area may be a previously cleared area that has been replanted in accordance
with native vegetation landscape specifications described within this BMP.

The preserved area should be situated to minimize the clearingstihgxorest cover, to
maximize the preservation of wetlands (though the wetland area and any streams and lakes
do not count toward the 65% forest or native condition area), and to buffer stream corridors.

The preserved area should be placed in a sepeaater protected through recorded
easements for individual lots.

The preserved area should be shown on all property maps and should be clearly marked
during clearing and construction on the site.

All trees within the preserved area at the time of peamplication shall be retained, aside

from approved timber harvest activities regulated uldacC Title 222 except for Class IV
General Forest Practices that are conversions from timberland to other uses, and the removal
of dangerous or diseased trees.

The preserved area may be used for passive recreation and related facilities, including
pedestrian and bicycle trails, nature viewing areas, fishing and camping areas, and other
similar activities that do not require permanent structures, provided theg¢alaereas and

areas of compacted soil associated with these areas and facilities do not exceed eight percent
of the preserved area.

The preserved area may contain utilities and utility easements, but not septic systems.
Utilities are defined as potablecwastewater underground piping, underground wiring, and
power and telephone poles
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Minimum designrequirements forresidential projects

Developments that preserve 65% of a site (or a threshold discharge area of a site) in a forested or
nativecondition, can disperse runoff from the developed portion of the site into the native
vegetation area as long as the developed areas draining to the native vegetation do not have
impervious areas that exceed 10% of the entire site

Where a development hkess than 65% of a site available to maintain or create into a forested or
native condition, that area may still be used for full dispersion of a portion of the developed area.
The ratio of the native vegetation area to the impervious area, witidpéssed into the native
vegetation, must not be less than 65 to 10. The lawn and landscaping areas associated with the
impervious areas may also be dispersed into the native vegetation area. The lawn and landscaped
area must comply witBMP T5.13 All designrequirements listed also must be met.

The portion of the developed area which is not managed through full dispersion can be
considered a sepae project site. It must be evaluated against the thresholds in Flgleesl
1.2 of Volume |, whichever isappropriate, to determine the applicable minimum requirements.

Additional impervious areagbove the 10% threshoddte allowed, but should not drain to the
native vegetation area, and are subject to the thresholds, treatment and flow control requirements
of this manual.

Within the context of this dispersion option, the impervious surfagesthe 10% maximum
threshold can beouted into an appropriately sized dry well or into an infiltration basin that
meets the flow control standard and does not overithdovthe forested or native vegetation area.

Runoff must be dispersed into the native area in accordance with one or more of the dispersion
devices, and in accordance with the design criteria and limits for those devices, cited in this
BMP. A native vegeittion flow path of at least 100 feet in length (25 feet for sheet flow from a
norntnative pervious surface) must be available along the flowpath that runoff would follow upon
discharge from a dispersion device cited in this BMP. The native vegetated fiawpstt meet

all of the following criteria:

1 The flow path must be over native vegetated surface

1 The flow path must be esite or in an offsite tract or easement area reserved for such
dispersion

1 The slope of the flowpath must be no steeper than 15% fa2@foot reach of the flowpath.
Slopes up to 33% are allowed where level spreaders are located upstream of the dispersion
area and at sites where vegetation can be established.

1 The flowpath must be located between the dispersion device and any downsaeaged
feature such as a pipe, ditch, stream, river, pond, lake, or wetland.

1 The flowpaths for adjacent dispersion devices must be sufficiently spaced to prevent overlap
of flows in the flowpath areas.

For sites with ofsite sewage disposal systems, diszharge of runoff from dispersion devices

must be located downslope of the primary and reserve drainfield areas. This requirement may be
waived by the permitting jurisdiction if site topography clearly prevents discharged flows from
intersecting the drafield.
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Dispersion devices are not allowed in critical area buffers or on slopes steeper than 20%.
Dispersion devices proposed on slopes steeper than 15% or within 50 feet of a geologically
hazardous are®RCW 36.70A.030(5nust be approved by a geotechnical engineer or
engineering geologist.

The dispersion of runoff must not create flooding or erosion impacts.

Roof Downspouts

Roof surfaces that comply with the Downspout Full InfiltratBMP T5.10A are considered to
be"fully infiltrated" (i.e., zero percent effective imperviousness). All other roof surfaces are
considered to be "fully dispersed" (i.e., at or approaching zero percent effective imperviousness)
only if they are within a threshold discharge area that vgilbbe more than 65% forested (or

native vegetative cover) and less than 10% impervious (total), AND ifeitiest: 1)comply

with the DownspoutDispersion requirements 8MP T5.10B but withvegetated flow pathsf

100 feet or moréhrough the nativeagetation preserved area 2) disperse the roof runoff

along with the road runoff in accordance with the roadway dispersion BMP section below.

Driveway Dispersion

Driveway surfaces are considered to be "fully dispersed" if they are within a threshold discharge
area that is or will be more than 65% forested (or native vegetative cover) and less than 10%
impervious (total), AND if theither: 1)comply withBMP 5.11for concentrated flovand

BMP T5.12for sheet flow and have flow pathsf 100 feet or moréhrough native vegetation

or, 2) disperse driveway runoff along with the road runoff in accordance with the roadway
dispersion BMP section below.

Roadway Disperson BMPs

Roadway surfaces are considered to be "fully dispersed" if they are within a threshold discharge
area that is or will be more than 65% forested (or native vegetative cover) and less than 10%
impervious (total), AND if they comply with the follomg dispersion requirements:

1 The road section shall be designed to minimize collection and concentration of roadway
runoff. Sheet flow over roadway fill slopes (i.e., where roadway subgrade is above adjacent
right-of-way) should be used wherever possiblavoid concentration.

1 When it is necessary to collect and concentrate runoff from the roadway and adjacent
upstream areas (e.g., in a ditch on a cut slope), concentrated flows shall be incrementally
discharged from the ditch via cross culverts or at tis @f cut sections. These incremental
discharges of newly concentrated flows shall not exceed 0.5 aify aine discharge point
from a ditch for the 10@ear runoff event. Where flows at a particular ditch discharge point
were already concentrated uneéaisting site conditions (e.g., in a natural channel that
crosses the roadway alignment), the €$limit would be in addition to the existing
concentrated peak flows.

1 Ditch discharge points with up to 0.2 cfs discharge for the pealyd®&0flow shall ge rock
pads or dispersion trenches to disperse flows. Ditch discharge points with between 0.2 and
0.5 cfs discharge for the 1§@ar peak flow shall use only dispersion trenches to disperse
flows.
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1 Dispersion trenches shall be designed to accept sultace ffree discharge) from a pipe,
culvert, or ditch end, shall be aligned perpendicular to the flowpath, and shall be minimum 2
feet by 2 feet in section, 50 feet in length, filled withri¢h to 1%inch washed rock, and
provided with a level notched gradboard (se€igure 55). Manifolds may be used to split
flows up to 2 cfs discharge for the 198ar peak flow between up to 4 trenches. Dispersion
trenches shall have a minimum spacing of 50 feet between centerlines.

1 Flowpaths from adjacent dischargemsimust not intersect within the @bt flowpath
lengths, and dispersed flow from a discharge point must not be intercepted by another
discharge point. To enhance the flow control and water quality effects of dispersion, the
flowpath shall not exceed ¥slope, and shall be located within designated open space.
Runoff may be conveyed to an area meeting these flowpath criteria.

1 Ditch discharge points shall be located a minimum of 100 feet upgradient of steep slopes
(i.e., slopes steeper than 40%), wedls, and streams.

1 Where the Local Plan Approval Authority determines there is a potential for significant
adverse impacts downstream (e.g., erosive steep slopes or existing downstream drainage
problems), dispersion of roadway runoff may not be allowedtt@r measures may be
required.

Cleared Area Dispersion BMPs

The runoff from cleared areas that are comprised of bare soihatore landscaping, lawn,

and/or pasture of up to 25 feet in flow path length can be considered to be "fully dispersed” if it
is dispersed through at least 25 feet of native vegetation in accordance with the following
criteria:

1 The topography of the nemative pervious surface must be such that runoff will not
concentrate prior to discharge to the dispersal area.

1 Slopes within the dispersal area should be no steeper than 15%.

If the width of the nomative pervious surface isaater than 25 feet, the vegetated flowpath
segment must be extended 1 foot for every 3 feet of width beyond 25 feet up to a maximum
width of 250 feet.

Minimum Design Requirements for Public Road Projects

Applicability:

These criteria apply to thmnstruction of public roads not within the context of residential,
commercial, or industrial site development. They will likely only be implementable on roads
outside of the urban growth areas where roadside areas are not planned for urban density
develgpment.

Uncollected or natural dispersion into adjacent vegetateaki.e., sheet flow into the
dispersion area)

Full dispersion credit (i.e. no other treatment or flow control required) for sites that meet the
following criteria:
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1 Outwash soilsType A1 sands and sandy gravels, possibly some TypdoBmy sands) that
have an initial saturated hydraulic conductivity rate of 4 inches per hour or greater. The
saturated hydraulic conductivity must be based on a Pilot Infiltration Test or the Soil Grain
Size Analysis method as identified in Section 3 of Volume lll, or another method as allowed
by the local government.

0 Up to20 feet of impervious flow path needs 10 feet of dispersion area width.
o Each additional foot of impervious flow path needs 0.25 fedispersion area width.
1 Other soils: (Type€ and D and some Type B not meetingdhévash soitriteriaabove)

o Dispersion area must have 6.5 feet of width for every 1 foot width of impervious area
draining to it. A minimum distance of 100 feet is nazey.

9 Criteria applicable to all soil types:
o Depth to the average annual maximum growatker elevation should be at least 3 feet.

o Impervious surface flow path must 8&5 ft. Pervious flow path must e150 ft.
Pervious flow paths are tgradient road side slopes that run onto the road and-down
gradient road side slopes that precede the dispersion area.

o Lateral slope of impervious drainage area should 8%. Road side slopes mustde
25%. Road side gpes do not count as part of the dispersion area unless native vegetation
is reestablished and slopes are less than 15%. Road shoulders that are paved or graveled
to withstand occasional vehicle loading count as impervious surface.

Longitudinal slope ofaad should be& 5%.
Length of dispersion area should be equivalent to length of road.
Average longitudinal (parallel to road) slope of dispersion area shosld 5%.

O O O O

Average lateral slope of dispersion area should b8%.

Channelizedcollected and relispersed) stormwater into areas with (a) native vegetation or (b)
cleared land in areas outside of Urban Growth Areas that do not have a naturalnoadean
drainage system.

Full dispersion credit (i.e., no other treatment or flow cadniquired) is given to projects that
meet the following criteria:

1 Outwash soils (Type A sands and sandy gravels, possibly some TypdoBmy sands) that
have an initial saturated hydraulic conductivity rate of 4 inches per hour or greater. The
saturagd hydraulic conductivity must be based on field results using procedures (Pilot
Infiltration Test or Soil Grain Size Analysis Method) identified in Section 3 of Volume llI, or
another method approved by the local government.

o Dispersion area should belaast ¥z of the impervious drainage area.
1 Other soils: (Types C and D and some Type B not meeting the criterion in 2a above)

o Dispersion area must have 6.5 feet of width for every 1 foot width of impervious area
draining to it. A minimum distance of 100 fas necessary.
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1 Other criteria applicable to all soil types:

o Depth to the average annual maximum growatker elevation should be at least three
feet.

o Channelized flow must be-dispersed to produce longest possible flow path.
Flows must be evenly dispsed across the dispersion area.

Flows must be dispersed using rock pads and dispersion techniques as specified under
Roadway Dispersion BMPs.

Approved energy dissipation techniques may be used.

Limited to on-site (associated with the road) flows.

Length of dispersion area should be equivalent to length of the road.
Average longitudinal and lateral slopes of the dispersion area shogl8%e

O O O O O

The slope of any flowpath segment must be no steeper than 15% for-toot 28ach of
the flowpath segment.

Engineered dispersion of stormwater runoff into an area with engineered soils

1 Full dispersion credit (i.e., no other treatment or flow control required) is given to projects
that meet the following criteria:

1 Stormwaer can be dispersed via sheet flow or via collection aililspgersion in accordance
with the techniques specified under Roadway Dispersion BMPs.

Depth to the average annual maximum growatker elevation should be at least three feet.

Type C and D soilsnust be composaimended followingequirements oBMP T5.13
Dispersion area must meet the 65 @adtio for full dispersion credit.

1 Type A and B soils that meet or exceed the 4 inches per hour initial saturated hydraulic
conductivity rate minimum mustelbcompost amended in accordance withrequirements
of BMP T5.13 Compost must be tilled into the soil in accordance with the guidance
document cited aboveJp to 20 feet of impervious flow path needs 10 feet of dispersion
area width.Eachadditional foot of impervious flow path needs 0.25 feet of dispersion area
width.

1 Average longitudinal (parallel to road) slope of dispersion area shosld b%.
1 Average lateral slope of dispersion area should b&%.

1 The dispersion area should beritad with native trees and shrubs.

Other Characteristics for Dispersal areas

Dispersal areas must be outside of the urban growth area; or if inside the urban growth area, in
legally protected areas (easements, conservation tracts, public parks).
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Native Vegetation Landscape Specifications

These specifications may be used in situations where an applicant wishes to convert a previously
developed surface to a native vegetation landscape for purposes of meeting full dispersion
requirements or code requirentefor forest retention. Native vegetation landscape is intended

to have the soil, vegetation, and runoff characteristics approaching that of natural forestland.

Conversion of a developed surface to native vegetation landsegoees the removal of
impervious surface, deompaction of soils, and the planting of native trees, shrubs, and ground
cover in composamended soil according to all of the following specifications:

1 Existing impervious surfacand any underlying base course (e.g., crushedaogtavel)
must be completely removed from the conversion area(s).

1 Underlying soilsmust be broken up to a depth of 18 inches. This can be accomplished by
excavation or ripping with either a backhoe equipped with a bucket with teeth, or a ripper
towed behid a tractor.

1 Atleast 4 inches of wellecomposedomposimust be tilled into the broken up soil as
deeply as possible. The finished surface should be gently undulating and must be only lightly
compacted.

1 The area of native vegetated landscape muptanéed with native specidgees, shrubs, and
ground cover. Species must be selected as appropriaitefeinade and moisture conditions,
and in accordance with the following requirement®te: for landscape areas larger than
10,000 square feet, planting a greater variety of species than the minimum supeglestesl
strongly encouraged. For example, an acre could easily accommodate three tree species,
three species of shrubs, and twoloee species of groundcover.

o Trees:a minimum of two species of trees must be planted, one of which is a conifer.
Conifer and other tree species must cover the entire landscape area at a spacing
recommended by a professional landscaper or in accordarceat requirements.

o Shrubs a minimum of two species of shrubs should be planted. Space plants to cover the
entire landscape area, excluding points where trees are planted.

o Groundcovera minimum of two species of ground cover should be planted. Sjzaate p
S0 as to cover the entire landscape area, excluding points where trees or shrubs are
planted.

1 Atleast 4 inches dfiog fuelor other suitable mulch must be placed between plants as mulch
for weed control. It is also possible to mulch the entire lbbeéare planting; however, an-18
inch diameter circle must be cleared for each plant when it is planted in the underlying
amended soilNote: plants and their root systems that come in contact with hog fuel or raw
bark have a poor chance of survival.

1 Planings must bevateredconsistently once per week during the dry season for the first two
years.

1 Theplantings must be well established at least 90% of the converted area. A minimum of
90% plant survival is required after 3 years.
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Conversion of an areaahwas under cultivation to native vegetation landscageires a

different treatment. Elimination of cultivated plants, grasses and weeds is required before
planting and will be required on an-going basis until native plants are we#itablished. The

soil should be tilled to a depth of 18 inches. A minimum of 8 inches of soil having an organic
content of 6 to 12 percent is required, or a four inch layer of compost may be placed on the
surface before planting, or 4 inches of clean wood chips may dxitilio the soil, as

recommended by a landscape architect or forester. After soil preparation is complete, continue
with steps 4 through 7 above. Placing 4 inches of compost on the surface may be substituted for
the hog fuel or mulch. For large areas wifezgquent watering is not practical, bawot stock

may be substituted at a variable spacing from 10 to 12 feet o.c. (with an average of 360 trees per
acre) to allow for natural groupings and 4 to 6 feet o.c. for shrubs. Allowabledmdrstock

types ae 1-1, 21, R1 and P2. Live stakes at 4 feet 0.c. may be substituted for willow and red
osier dogwood in wet areas.

Runoff modelrepresentation

Areas that are fully dispersed do not have to use appmraahuousunoff hydrologicmodels
to demonstrate compliance. They are presumed to fully meet the Runoff Treatment and Flow
Controlrequirementsn Minimum Requirements &énd 7.
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5.4 Other BMPs for Low Impact Development

This sectioncontains information about BMRIsat, while not required for consideration in
compliance with 30.63A.525 SCC, fall into the categories of low impact development BMPs or
low impact development as those terms are defined in Snohomish CountyStwde.of these
BMPs can provide specific dyologic modeling credite/hich assist with compliance with the

flow control requirements of Minimum Requirement 7.
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BMP T5.16: Tree Retention and Tree Planting

Purpose and definition

Trees provide flow control via interceptidnanspiration, and increased infiltration. Additional
environmental benefits include improved air quality, carbon sequestration, reduced heat island
effect, pollutant removal, and habitat preservation or formation

When implemented in accordance with thiéecia outlined below, retained and newly planted
trees receive credits toward meeting flow control requirements.

The degree of flow control provided by a tree depends on the tree type (i.e., evergreen or
deciduous), canopy area, and whether or not &gedanopy overhangs impervious surfaces.
Flow control credits may be applied to project sites of all sizes.

Tree retention design criteria

Setbacks of proposed infrastructure from existing trees are critical considerations. Tree
protection requirements lilgrading and other disturbances in proximity to the tree.

Existing tree species and location must be clearly shown on submittal drawings.

Trees must be viable for lostgrm retention (i.e., igood health and compatibhiath proposed
construction).

Treesize:

To receive flow control credit, retained trees shall have a minimum 6 idi@dmaster at breast
height (DBH). DBH is defined as the outside bark diametérateet above the ground on the
uphill side of a tree. For existing trees smaillem this the newly planted tree credit may be
applied

The retained tree canopy area shall be measured as the area within the liree dvigrip line

is the line encircling the base of a tree, which is delineatedvbytiaal line extending from the
outer Imit of a tree's branch tips down to tip@und. If trees are clusteramerlapping canopies
are not double counted.

Tree location:

Flow control credit for retained trees depends upon proximity to groundiepefviousor
other hardsurfaces. Taoeceive a credit, the existing tree must be ordthelopment site and
within 20 feet of new and/or replaced ground lemgderviousor other hargurfaces (e.g.,
driveway or patio) on the development site. Distance from impereioather hargurfacess
measured from the trérmunk center.

An arborist report may be required if impervious surface is proposed withonitibal root zone
of the existing tree. The critical root zone is defined as theshioecling the base of the tree
with half the dianeter of the dripline. If the arborist report concludes that impengorface
should not be placed within 20 feet of the tree and canopy overlapwgénvious surface is
still anticipated given a longer setback, the higher tree ¢lomirol credit maye approved.

Protection during construction:
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The existing tree roots, trunk, and canopy shall be fenced and protectedodunstrgiction
activities

Retention and protection:

Trees shall be retained, maintained and protected on the sitecafsructiorand for the life of
the development or until any approved redevelopment occtits inture. Trees that are
removed or die shall be replaced with like spedi@sng the next planting season (typically in
fall). Trees shall be prunextcordimg to industry standards (ANSI A 300 standards).

Treeretentionflow control credits:

Flow control credits for retained trees aeg forth belowby tree type. These credits can be

applied to reduce impervious or other hard surface area requiring flow control. Credits are given
as a percentage of the existing tree canopy area. The minimum credit for existing trees ranges
from 50 to 100 square feet.

Tree Type Credit
Evergreen | 20% of canopy area (minimum of 100 sq. ft./tre
Deciduous | 10% of canopy area (minimum of 50 sq. ft./treg

ImperviougHard Surfacé\rea Mitigated =
(Z Evergreen @nopy Area x2) + (# Deciduous Canopy Area x 0.1)

Tree credits are not applicable to trees in native vegetation areas used fdisflevgion or
other flow control creditCredits are also not applicable to trees in planter bdxXestotal tree
credit for retained and newplanted trees shall not exceed 25 percent of imperapother
hardsurface requiringnitigation.

Newly planted treedesign criteria
Tree Size:

To receive flow control credit, new deciduous trees at the time of planting shall be at least 1.5
inches in diameter measured 6 inchbseve the ground. New evergreen trees shall least 4
feet tall.

Tree Location:

Trees shall be sited according to surl, smd moisture requirements. Plantiogations shall be
selected to ensure that sight distances and approgeiti@cks are maintained given mature
height, size, and rooting deptl®&milar to retained trees, flow control credit for newly planted
treesdepends upoproximity to ground level impervious surfaces. To receive a credit, the tree
mustbe planted on the development site and within 20 feet of new and/or regtaced level
impervious surfaces (e.g., driveway, patio, or parking lot). Distatnoeimpervious surfaces is
measured from the edge of thaface to the center of the tree at ground Ié&v@help ensure

tree survival and canopy coverage, the minimum tree spacimg\dy planted trees shall
accommodate mature tree sprdado circumstance shall flow control credit be given for new
treedensity exceeding 10 feet on center spacing
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Irrigation:

Provisions shall be made for supplemental irrigation during the first three gregasgns after
installation to help ensure tree survival.

Tree retention and protection:

Trees shall be retained, maintained and protected on the site after constmdtfonthe life of
the developmenrds required for retained trees.

Newly plantedtreeflow control credits:

Flow control credits for newly planted trees aeg¢ forth belowby tree type. These credits can be
applied to reduce the impervious or other hard surface area requiring flow control. Credits range
from 20 to 50 square feper tree.

Tree Type Credit
Evergreen 50 sq. ft. per tree
Deciduous 20 sq. ft. per tree
ImperviougHard SurfacdAr ea Mi ti gated = FE dyufthber of Trees

Tree credits are not applicable to trees in native vegetation areas ued fdispersion or
other flow control creditCredits are also not applicable to trees in planter bdxXestotal tree
credit for retained and newplanted trees shall not exceed 25 percent of imperapother
hardsurface requiringnitigation.

Runoff modelrepresentation

If the design criteria for this BMP are followed, the total impervious/hard surface areas entered
into theapproved continuousinoff hydrologicmodel may be reduced by the amount indicated
in thedesign criteria above.
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BMP T5.17: Vegetated Roofs

Vegetated roofare thin layers of engineered soil and vegetation constructed on top of
conventional flat or sloped roofgegetated roofs can provide stormwater volume reduction and
flow attenuation The range of benefits for a green roof depends on a number of design factors
such as plant selection, depth and composition of soil mix, location of the roof, orientation and
slope, weather patterns, and the maintenance plan

All vegetatd roofs consist of four basic components: a waterproof membrane, a drainage layer, a
light-weight growth medium, and vegetatidn addition to these basic components, many

systems may also incorporate a protection layer and rootit@arpeeserve the integrity of the
waterproof membrane, a separation/filter layer to stabilize fine particles, capillary mats and
mulch/mats to retain moisture and prevent surface erosion due to rain and wind scour.

Applications and limitations

Vegetated @ofs are not included in the lists referenced under Minimum Requirdment
However, they are an option available to project designers who want to use other methods to
meet the LID Performance Standard option of Minimum RequireBent

While vegetated rosfcan be installed on slopes up to 40 degrees, slopes between 5 and 20
degrees (1:12 and 5:12) are most suitable and can provide natural drainage by gravity. Roofs
with slopes greater than 10 degrees (2:12) require an analysis of engineered slope stability

Design criteria

Vegetated roofs must meet all applicable requirements of Snohomish County building codes.
Thereader isalsodirected to th&012 Low ImpactDevelopmeniechnical Guidance Manual

for the Puget Sound Badior a detailed description of getated roofsThat documenalso

includes references to other sources of information and design guidance

Runoff modelrepresentation

When modeling the project using an approved continuous rbgdfblogicmodel, use the

element intended by the modeling software to represent a vegetated roof. If using WWHM2012,
this is the "green roof" element. Thser specifies the media thickness, vegetation type, roof
slope, and length of drainage within the model.

Maintenance

See the requirements and standards set forth in Chapter 4.6 of this volume, and in Volume VI
Stormwater Facility Maintenance.
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BMP T5.18: Reverse Slope Sidewalks

Purpose and definition

Reverse slope sidewalks are sloped to drain away from the road and onto adjacent vegetated
areas.

Design criteria

1 Greater than 1€eet of vegetated surface downslope that is not directly connected into the
storm drainage system.

1 Vegetated area receiving flow from sidewalk must be native soil or meet guidelBiKIn
T5.13

Runoff model representation

Use the lateral flow element ah approved continuous runoff hydrologic model to send the
impervious area runoff onto the lawaridscape area that will be used for dispersion. For
situaions where multiple reverse slope sidewalks will occur the impervious area may be
modeled as a landscaped area st ite project schematic in the model is manageable.
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BMP T5.19: Minimal Excavation Foundations

Purpose and definition

Minimal excavation foundations are defined as those foundation technologies that engage intact
existing soil strength with minimal or no excavation, and daisttirb, or significantly compact

the natural soil profile within the footprint of the structure when installed. This preserves most of
the hydrologic properties of the native soil. Pin pile, screw pile, and cluster pile foundations are
examples of minimaéxcavation foundations, as well as post and beam, grade beam or fin wall
structures.

Applications and limitations

Building foundations must comply with all applicable requirements of Snohomish County
development codes

To minimize soil compaction, heavy equipment, including pile driving equipthahtvould

degrade the natural soil profileds ability to
within or immediately surrounding the building. Tracked equipment weighing 650 psf or less is
acceptable.

Hydrologic modeling credits

Where residntial roof runoff is dispersed on the up gradient side of a structure in accordance
with the design criteria and guidelines in BMP T5.10B, the tributary roof area may be modeled
as pasture on the native sqtovided the dispersed runoff is not cut offdn embedded grade
beam, wall, or skirt structure from reaching the preserved permeable soils below the building

If roof runoff is dispersed down gradient of the structure in accordance with the design criteria
and guidelines in BMP T5.10B, AND there is at least 50 feet of vegetated flow paighhr

native material or lawn/landscape area that meets the guidelines in BMP T5.13, the tributary roof
areas may be modeled as lawn/landscaped area.

Where terracing on a slope below the building or vegetated flow path, as defined above, is
necessary foranstruction, the square footage of roof that can be modeled as pasture or
lawn/landscaped area must be reduced to account for lost permeable soils. The roof area modeled
as pasture or lawn/landscape shall be reduced by the same percentage as thahoéaidepe

soils in the slope below the structure or within the down gradient flow path that are removed by
the terracing.
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BMP T5.20: Rainwater Harvesting

Purpose and definition

Rainwater harvesting is the capture and storage of rainwater for benefci®asf runoff may

be routed to cisterns for storage and nonpotable uses such as irrigation, toilet flushing, and cold
water laundry.Rainwater harvesting can help reduce peak stormwater flows, durations, and
volumes. The amount of reduction achievedhvcistern storage is a function of contributing

area, storage volume, and rainwater use rate.

All rainwater harvesting systems must comply with applicable Washington State and Snohomish
County regulations.
Design criteria

In order to use the guidance below for Runoff Model Representation, the design must show
100% reuse of the annual average runoff volume. The designer must use an approved continuous
runoff hydrologicmodel to calculate the annual averageoff vdumefor thedrainage area.

System designs involving interior uses must have a monthly water balance that demonstrates
adequate capacity for each month and reuse of all stored water annually.

Restrict the use of this BMP to 4 homes/acre housing and lemeitiés when the captured
water is solely for outdoor use.
Runoff modelrepresentation

If the design criteria for this BMP are followed, the area draining to the rainwatertiragves
BMP is not entered into the runoff model.
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BMP T5.40: Preserving Natural Vegetation

Purpose

Preserving nativeegetation orsite to the maximum extent practicable will minimize the

impacts of development on stormwater rundtiote thati pesere natural vegetaton (especially
forestedareas)as muchas possible i s one of t he depsepagationq@fthe nci pl
Stormwater Site Plan to meet Minimum Requirement 1, as described in VqlGmapker 3 of

this manual.

Forest and native growth areas allow rainwater to naturally percolate into the soil, recharging
ground water for summer stream floasd reducing surface water runoff that creates erosion

and flooding. Conifers can hold up to about 50 percent of all rain that falls during a storm.

Twenty to 30 percent of this rain may never reach the ground but evaporates or is taken up by the
tree. Foested and native growth areas also may be effective as stormwater buffers around
smaller developments

Application

This BMP can be applied on any development Sia.lots that are one acre or greater,
preservation of 65 percent or more of the site ifveategetation will allow the use of full
dispersion techniques presented in BMP T5.3lles that can fully disperse are not required to
provide runoff treatment or flow control facilities

Designguidelines

The preserved area should be situated to nieirtine clearing of existing forest cover, to
maximize the preservation of wetlands, and to buffer stream corridors
The preserved area should be clearly marked during clearing and construction on the site

If feasible, the preserved area should be latd®vnslope from the building sites, since flow
control and water quality are enhanced by flow dispersion through duff, undisturbed soils, and
native vegetation

Runoff model representation

There are no hydrologic modelimgedits specific to this BMP in the manner they are specific to
other BMPs. However, areas with preserved natural vegetation will almost always produce less
modeled runoff than any alternative land surface
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BMP T5.41: Better Site Design

Purpose

Fundanental hydrological concepts and stormwater management concepts can be applied at the
site design phase that are more integrated with natural topography, reinforce the hydrologic
cycle, often less expensive to build. A few site planning principles hégdte development

on the least sensitive portions of a site and accommodate land use while mitigating its impact on
stormwater quality Note that the first three design guidelines are required principles in
developing the Stormwater Site Plan in accocganith Volume I, Chapter 3 of this manual.

Design guidelines

Define Development Envelope and Protected Areas

The first step in site planning is to define the development envelope. This is done by identifying
protected areas, setbacks, easements and other site features. Site features to be protected may
include important existing trees, steep slopes, erosive gp#dsian areas, or wetlands.

By keeping the development envelope compact, environmental impacts can be minimized,
construction costs can be reduced, and many
be retained. In some cases, economicglm@rdactors may not allow avoidance of all sensitive

areas. In these cases, care can be taken to mitigate the impacts of development through site work

and other landscape treatments.

Minimize Directly Connected Impervious Areas

Impervious areagirectly connected to the storm drain system are the greatest contributors to
urban nonpoint source pollution. As stormwater runoff flows across parking lots, roadways, and
other paved areas, the oil, sediment, metals, and other pollutants are colldatedaamtrated.

If this runoff is collected by a drainage structure and carried directly along impervious gutters or
in sealed underground pipes, it has no opportunity for filtering by plant material or infiltration
into the soll. It also increases in veilty and amount, causing increased piaks.

A basic site design principle for stormwater management is to minimize these directly connected
impervious areas. This can be done by limiting overall impervious land coverage or by
infiltrating and/or dispeiiag runoff from these impervious areas.

Maximize Permeability

Within the development envelope, many opportunities are available to maximize the
permeability of new construction. These include minimizing impervious areas, paving with
permeable materials,udtering buildings, and reducing the land coverage of buildings by smaller
footprints. All of these strategies make more land available for infiltration and dispersion through
natural vegetation.

Clustered driveways, small visitor parking bays and othategfies can also minimize the
impact of transportaticrelated surfaces while still providing adequate access.

Once site coverage is minimized through clustering and careful planning, pavement surfaces can
be selected for permeability. A patio of brck-sand, for example, is more permeable than a
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large concrete slab. Engineered soil/landscape systems are permeable ground covers suitable for
a wide variety of uses. Permeable/porous pavements can be used in place of traditional concrete
or asphalt pavemesnin many low traffic applications.

Maximizing permeability at every possible opportunity requires the integration of many small
strategies. These strategies will be reflected at all levels of a project, from site planning to
materials selection. In addih to the environmental and aesthetic benefits, apegymeability

site plan may allow the reduction or elimination of expensive runoff underground conveyance
systems, flow control and treatment facilities, yielding significant savings in developmemnt cos

Maximize Choices for Mobility

Given the costs of automobile use, both in land area consumed and pollutants generated,
maximizing choices for mobility is a basic principle for environmentally responsible site design.
By designing developments to promateernatives to automobile use, a primary source of
stormwater pollution can be mitigated.

Bicycle lanes and paths, secure bicycle parking at community centers and shops, direct, safe
pedestrian connections, and transit facilities are alpsétening éements that maximize choices
for mobility.

Use Drainage as a Design Element

Unlike conveyance storm drain systems that hide water beneath the surface and work
independently of surface topography, a drainage system for stormwater infiltration or dispersion
can work with natural land forms and land uses to become a major design element of a site plan.

By applying stormwater management techniques early in the site plan development, the drainage
system can suggest pathway alignments, optimum locations f& gaal play areas, and

potential building sites. In this way, the drainage system helps to generate urban form, giving the
development an integral, more aesthetically pleasing relationship to the natural features of the
site. Not only does the integratdtesplan complement the land, it can also save on development
costs by minimizing earthwork and expensive drainage features.
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ChaptePrestreat ment

6.1 Purpose

This chapter presents the methods that may be used to provide pretreatmenbpsior ¢o
enhanced runoff treatment facilities. Pretreatment must be provided in the following
applications:

1 for sand and media filtration and infiltration BMPs to protect them from excessive siltation
and debrisand forbioretention systemi§required @r BMP 7.30 in this manugind

1 where the basic treatment facility or the receiving water may be adversely affected by non
targeted pollutants (e.g., oil), or may by overwhelmed by a heavy load of targeted pollutants
(e.g., suspended solids).

6.2 Application

Presettling basins are a typical pretreatment BMP used to remove suspended solids. All of the
basic runoff treatment facilities may also be used for pretreatment to reduce suspended solids.
Catchbasin inserts may be appropriate in some circumstaogesvide oil or TSS control,
depending on the type of insert. Some of the manufactured storm drain structures presented in
Chapter 12 may also be used for pretreatment for oil or TSS redunt@ecordance with

conditions for use set forth by the Vidaggton State Department of Ecology

A detention pond sized to meet the flow control standard in Volume | may also be used to
provide pretreatment for suspended solids removal.
6.3 BMPs for Pretreatment

This Chapter has only one BMBMP T6.10 for preséling basins.As noted in Chapter 6.2,
there are other BMPs that may also meet the requirements for pretreatment for specific projects.
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BMP T6.10 Presettling Basin

Purpose and Definition

A Presettling Basin provides pretreatment of runoff in order to remove suspended solids, which
can impact other runoff treatment BMPs.

Application and Limitations

Runoff treated by a Presettling Basin may not be discharged directly to a receivingtwaist;

be further treated by a basic or enhanced runoff treatment BMP.

Design Criteria

SeeSnohomish County EDDEhapter5-05E

Sdback and separation distances

See setback and separation criteria in SCC 30.63A.718ravttbmish County EDDS Chapter 5
applicable to the drainage facility of which the presettling basin is a component
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Chaptelrnf7i | anHitroedredt eahment Fa:

7.1 Purpose

A stormwater infiltration treatment facility is an impoundment; typically a basin, trench, or
bioinfiltration swale whose underlying soil removes pollutants from stormwa&ieretention
systems designed without underdrains are also infiltrateatrhent systems, in which the
treatment function is provided both by the bioretention soil mix and also to some extent by the
native soil.

Infiltration treatment soils must contain sufficient organic matter and/or clays to sorb,
decompose, and/or filtatormwater pollutants. Pollutant/soil contact time, soil sorptive
capacity, and soil aerobic conditions are important design considerations.

Volume lll, Chapter 3 providesformation regarding site criteria, infiltration rates, site
suitability,and design detailf®r BMP T7.10-Infiltration basingand BMP T7.20 Infiltration
trenches, which may be used to provide treatment for a project if allowed by the treatment BMP
sekection process set forth in Volume I. The rest of this chapter describes information and
requirements for BMP T7.30Bioretention systemsf various configurationsaand BMP T7.40
Compostamendedregetated filter strips (CAVFS).

The Underground InjectioControl (UIC) regulations of Chapter 2328 WAC apply to
stormwater infiltration systems that meet tha
Generally speaking, the stormwater infiltration BMPs in this manual that meet this definition are
thosefor which the excavated hole is deeper than the largest surface dimension, or those

containing a perforated pipe or similar subsurface fluid distribution system. The UIC regulations

are implemented by the Washington State Department of Ecology. Snot@ouistydoes not

implement or enforce the UIC regulations and t hey are independent of
regulations. Snohomish County recommends that the applicant contact Ecology fof project

specific UIC requirements. Information is also avagablthe 2019 Ecology Stormwater

Management Manual for Western Washington, Volume |, Chapter 1.4.

7.2 Application

Infiltration treatment systems are typically installed:

1 As off-line systems, or ofine for small drainages

1 As a polishing treatment for sttd@ghway runoff after pretreatment for TSS and oll
1 As part of a treatment train
1

As retrofits at sites with limited land areas, such as residential lots, commercial areas,
parking lots, and open space areas.

1 With appropriate pretreatment for oil and siiintrol to prevent cloggingAppropriate
pretreatment devices include asegttling basin, wet pond/vault, biofilter, constructed
wetland, media filter, and oil/water separator.
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7.3 Bioretention BMPs

BMP T7.30: Bioretention Cells, Swales, and PlanteBoxes

Purpose

To provide effective removal of many stormwater pollutants, and provide reductions in
stormwater runoff quantity and surface runoff flow raWsere the surrounding native soils

have adequate infiltration rates, bioretention can help cowmighyflow control and treatment
requirements. Where the native soils have low infiltration rates, underdrain systems can be
installed and the facility used to filter pollutants and detain flows that exceed infiltration capacity
of the surrounding soil. Hosver, designs utilizing underdrains provide less flow control

benefits.

Description

Bioretention areas are shallow landscaped depressions, with a designed soil mix and plants
adapted to the local climate and soil moisture conditions, that resteivewater from a
contributing area.

The following terminology is used in this manual:

Bioretention cellsShallow depressions with a designed planting soil mix and a variety of plant
material, including trees, shrubs, grasses, and/or other herbaceous plants. Bioretention cells may
or may not have an underdrain and are not designed as a conveyance system

Bioretention swaledncorporate the same design features as bioretention cells; however,
bioretention swales are designed as part of a system that can convey stormwater when
maximum ponding depth is exceeded. Bioretention swales have relatively gentlepite sl
and ponding depths that are typically 6 to 12 inches.

Typical crosssections applicable to these bioretention systems are shown in Figures.&.

Bioretention planters and planter boxBgsigned soil mix and a variety of plant material
includingtrees, shrubs, grasses, and/or other herbaceous plants within a vertical walled container
usually constructed from formed concrete, but could include other materials. Planter boxes are
completely impervious and include a bottom (must include an underdPéamters have an open
bottom and allow infiltration to the subgrade. These designs are often used-urlogtna

settings An example is shown in Figureds.

Note: Ecology has approved use of certain patented treatment systems that use specific, high
rate media for treatment. Such systems are not considered LID BMPs and are not options for
meeting the requirements of Minimum Requirenm&nthe Ecology approvés meant to be used

for Minimum Requiremen®, where appropriate.
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Figure 56 Bioretention System Without Underdrain (Cross Section)
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Figure 5.7 Bioretention System With Underdrain (Cross Setion)
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